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C-E TURBO 
SEPARATOR... 


another reason for the high 
availability of turbines 
served by C-E Boilers 


Clean ste i most important factor in turbine 
performance. And clean steam demands eftective 
The true test of ar ystem of drum internal 
lic in what it can do with the combination ot 
wate team and solids it must handl not 
ilone under steady base load conditions but 
er all peratil conditior 
Whether the concentration of solids boil 
water averages le thar LOO pp lor eve ‘ 
than LOOO ppm r whether it fuctuates ar 


where between the ¢ | lurbo-Sey irator main- 


tains steam purity ind quality well w thin 
satistactor' limits 

lo be more specifi test results in a1 umber 
of case have shown less than 5 ppm und n sore 
instances as low as l ppm These results are sup 


po ted by the fact that in no plant where Turh 


Separators ire installed has there beet 
measurable loss of turbine « ipacity due to 
deposits on turbine blades 

When you vdd the proven id intages r | 
lurbo-Sep rators to the operating characteristics 


modern designs of ( I I tility Boilers you 


, 
have the right combination for t p vear-roun 
lant performance on all counts efficiency 


capacity and continuity of service 


i 








HOW IT WORKS 


Steam-water mixture enters the top of the boiler drum through 
nozzles discharging into an annulor space formed by internal 
boffles. Flow of the mixture is directed downward behind sym 
metrical baffles around the entire drum surface, maintain ng a 
uniform drum-wall tempercture, and then into the Turbo 
Seporators which are arranged in parallel rows throughout 
the length of the drum. They contain a center core and vanes 
which give the mixture o spinning or centr fugal motion, thereby 
throwing the woter to the outer edges of the inner tube. D rectly 
above the directional vanes and cores there is a skim-off lip 
which directs the water over the top of the inner tube and thence 
through the annular space to the drum. This is the primary separa 
tion stage, The relatively dry steam then passes through tw 
opposed banks of closely spaced corrugated plates, which change 
the direction of the steam many times and throw out much of 
the remaining woter. This is the secondary separation stage 
F 


The third and final stage of purification is accomplished in the 


screen dryer 
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steam generating units; nuclear reactors; paper mill equipment; 
pulverizers; flash drying systems; pressure vessels; home heating 
and cooling units; domestic water heaters; soil pipe 
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WALWORTH [ecewre Seal VALVES 


For high-pressure, high-temperature services 


4 





CHEMICAL PLANT: Walworth Pressure-Seal MARINE: Walworth Pressure-Seol Valves 
Valves in the pressure reducing station of eboord the $.S. “Wilfred Sykes”’— largest 
@ chemical plent. Great Lakes ore carrier. 


4 tes ; : LIGHT AND POWER: Walworth Pressure-Seal PAPER MILL: Fabricated header with 8-inch 

7 - ee x ; Valves equipped with motor operators, in an Series 600 Pressure-Seai Y-Globe Non-Return 

‘% - * eastern public utility plant Va'ves and Series 600 Pressure-Seal Gate 
7 Valve 


Weolwerth 6-inch Series 900 Pressure-Seal 
Gate Valve with Series 1500 Y-type Globe 
Velve on the by-pass 


The bonnet and body design of Walworth Pressure-Seal Valves is such 
that the pressure within the valve is used to prevent leakage at the junction 
of the bonnet and body. The bonnet joint of the Walworth Pressure-Seal 
Valve is permanently tight because there is no dependency on the ability 
SMALL VALVES FOR of any component part of the joint to resist creep during long exposure to 

HIGH PRESSURE- high temperature. Sudden temperature and pressure changes do not affect 


this tightness. Bonnet flanges and studs are eliminated and the weight 


TEMPERATURE SERVICE ey aa aren 


An improved flexible disc design maintains seat tightness, even when 
the valve body is distorted by pipeline stresses or by temperature and pres- 





sure changes. This improved disc design makes it easier to open and close 
this valve. 


Walworth Pressure-Seal Valves are easy to disassemble and assemble, 
and are the most satisfactory valves for high-pressure, high-temperature 
service. They are available in Series 600, 900, 1500, 2500 and in a wide range 
of sizes and types. For further information, write for Circular 116. 


Series 1500 Cast Steel Y- 

type Globe and Angle Valves 

in sizes ‘4 to 2 inches 

valves e fittings e pipe wrenches 
60 EAST 42nd STREET, NEW YORK 17, N. Y. 











DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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Conductors 


fo welding mach 


Heliorc 


@ 005 chomber 
fixture 


With main and reheat steam piping 
for steam-electric power plants be- 
coming heavier and more difficult to 
handle because of increasing wall 
thicknesses, more and more of the 
welding previously done in fabrica- 
tors’ shops must be handled in the 
field. This, coupled with the need for 
still better welding techniques to 
combat higher operating pressures 
and temperatures, demands even 
higher standards of design and work- 
manship to compensate for the less 
favorable conditions often encoun- 
tered in the field. 

One way in which M. W. Kellogg 
sets the pace in field fabrication is 
with K-Weld*— Kellogg’s unique 


inte, tw diote Press 


AVAL ARALAVE 


Low Pressure 


High Pressure 


inert gas shielded technique of arc 
welding. With K-Weld, complete 
penetration and a highly uniform 
internal contour are assured without 
the use of backing rings. Incorporat- 
ing a Kellogg development which 
controls internal gas pressure and 
shape of the interior weld surface 
automatically, K-Weld is recognized 
as the ultimate in welding techniques 
for any type or size of alloy piping 
both for shop and field fabrication. 
A 12-page booklet, “For The 
Modern Central Power Station,” 
describes K-Weld and other M. W. 
Kellogg facilities for the design, fab- 
rication, installation, and testing of 
main and reheat steam piping. 


FABRICATED PRODUCTS DIVISION 


THE M. W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17, N. Y. 
yj Company, Litd., Toronto 


BSIDIARIES OF PUI 


. Kellogg Inte ational Corporation Londor 


MAN INCORPORATED 





WELDING 


TECHNIQUES 


KEEP PACE 


K-Weld root bead is laid while the pipe in 
terior is under controlled inert gas pressure 
in the gas chamber fixture. Diagram at top 
of page shows detail of this portable gas 
chamber fixture and how interior weld sur- 
face is controlled by varying pressure 
K-Weld is always under the supervision 
of a Kellogg inspector, supplementing final 
radiographic inspection. In addition, a per- 
manent chart record is made on the poten- 
tiometer of all steps in welding and stress 


relieving 
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Keeping up with 
the kilowatts 





From 1951 to 1955 the capacity of Pacific high pressure boiler feed pumps 

installed in each of the four regional areas of the U. S. has kept pace with the increase 
in electrical generating capacity in each area. This universal acceptance and 

repeat orders from individual Utilities in each area for 12-15 units express the 


Industry's confidence in Pacific's performance and quality. 





NEW( ENGLAND- 
MID ATLANT 


PACIFIC 
PUMPS FEED 
26.2™ , a \4idi4 
Lb. Hr. ; PACIFIC PUMPS FEED 
PUMPS FEED 21.9M 
30.4™ Lb. Hr. 
Lb. Hr. 


SOUTH AND 
SOUTHWEST 
PACIFIC 
PUMPS FEED 


56.2™ 


Lb. Hr. : ee 
. Pacific high pressure boiler feed pumps are preferred for fine 
r r 


new power plants everywhere. They follow the load perfectly from 
100% down to trip off. They are efficient — economical 


to operate and maintain. 





PACIFIC PUMPS INC. 
HUNTINGTON PARK, CALIFORNIA 


Offices in All Principal cities 
Export Office: Chanin Bidg., 122 E 42nd St., New York 
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Consult an engineering firm 


Designing and building hundreds of heating and power installa- 
tions a year, qualified engineering firms can bring you the latest 
knowledge of fuel costs and equipment. If you are planning the 
construction of new heating or power facilities—or the remodel- 
ing of an existing installation—one of these concerns will work 
closely with your own engineering department to effect substantial 
savings not only in efficiency but in fuel economy over the years. 


ACIS you should know about coal 


In most industria! areas, bituminous coal is the lowest-cost fuel 
available « Up-to-date coal burning equipment can give you 
10% to 40% more steam per dollar ¢ Automatic coal and 
ash handling systems can cut your labor cost to a minimum. 
Coal is the safest fuel to store and use ¢ No smoke or dust 
problems when coal is burned with modern equipment ¢ Be- 
tween America’s vast coal reserves and mechanized coal 
production methods, you can count on coal being plentiful 


and its price remaining stable. 


Pennsylvania R.R. 


saves *§00,000 a 


year burning coal 


the modern way 


Power was a problem at Pennsylvania R. R.'s 
Juniata shops, part of its great Altoona Works. Low 
steam pressure was Creating costly production 
delays; electric power failures meant additional! 
delays; obsolete fueling methods resulted in 


troublesome flyash emission and other problems. 


So Pennsy engineers consulted with Gibbs & Hill, 
Inc.— designers and constructors for the project 
and modernized the power plant. Today three 
60,000-lb.-per-hr. 600 psi coal-fired boilers supply 
steam to the shop area at 150 psi after it has driven 
two 1,500-kw turbine-generators. Between an ade 
quate steam supply and reliable by-product electrical 
services, production delays have been eliminated. 
Air pollution is a thing of the past. Modernization 
of fuel handling has cut manpower costs. And today 
efficient operation plus lower fuel costs save Penn- 


sylvania Railroad a half million dollars a year! 


For further information or additional case bis- 
tories showing how other plants have saved money 
burning coal, write to the address below. 

NATIONAL COAL ASSOCIATION 

Southern Building, Washington 5, D. C. 





BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 





Bayer Balanced Valves are 
famous for their long life 


and continued tightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky 


When stationary elements are used the 
Bayer stationary balanced valve head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 





Bayer Single Chain Balanced 


Valee Soot Cleaner 


trolled system and in addition, when high pres- 
sures require a reduction in pressure at each 
individual element this Balanced valve unit, 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable. 


THE BAYER COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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insurance’ 
r boilers 


It’s a good “policy” to protect your valuable 
boilers with YARway Boiler Level Indicators. 

Instant . . . accurate . . . continuous remote 
readings of boiler water levels are available 
on the instrument panel or wherever you 
wish in the plant. 

YARWAY’s new “wide vision” face gives 
brilliant readings from any angle... and the 
pointer is always visible, even at extreme 
high and low water levels. 

For brilliant ‘‘shines like a star’’ readings 
on the boiler drum you’ll want to use 
YaRway Flat Glass Gages with Type ‘“M”’ 
Illuminators. 

From drum to panel and at all remote 
locations, YARWAY equipment gives you the 
safest boiler protection you can buy— proved 
beyond doubt in nearly 10,000 installations. 























a 


Yarway Remote Liquid 
Level Indicator. 

Write for Yorway 
Bulletin WG-1824. 














> 


Yarway Fiot Glass Water 
Gage with Type "M”" 


Iiluminators. Write for 5 
Yarwoay Bulletin WG-1812. o 





YARNALL-WARING COMPANY 
100 Mermaid Avenue, Philadelphia 18, Pa. 
BRANCH OFFICES IN PRINCIPAL CiTIES 





steam plant equipment 
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ALLIS-CHALMERS 
HD-21 TORQUE 
CONVERTER DRIVE 


Hp — 204 net engine 
Weight — 44,000 Ib 


Drawbar pull — up to 
65,000 Ib 





ALLIS-CHALMERS HD-16 
Torque Converter 
Drive 
Hp — 141 belt Hp — 150 net engine 
Weight — 31,500 lb Weight — 31,600 Ib 


Drawbar pull— upto Drawbar pull — up to 
37,700 Ib 60,000 Ib 


More features you want 
for coal-handling ability... 
long life...low operating costs | 


the all-new Allis-Chalmers 
line of crawler tractors . . . with more of every- 
thing you've wanted most — more work power, 
more long-life features, more easy maintenance 


and easy operation features, more versatility. 


You get all the benefits of Allis-Chalmers ad- 
vanced basic design with the new Allis-Chalmers 
diesel engine . . . proved torque converter drive 
for the HD-21 and HD-16 . . . all-steel, box-A main 
frame... . 1,000-hour lubri- 
cation intervals for truck wheels, idlers, support 
rollers . . . double-reduction final drives, and many 
other features. 


unit construction . . 


There’s a complete line of tractor equipment, 
too, including scrapers, hydraulic and cable dozers 
— and a full line of tractor shovels, with bucket 
capacities up to 7 yd (5 ton of coal). 

Behind this equipment are dealers with sales 
and service personnel and facilities that assure 
you expert “after sales” care. The True Original 
Parts they stock help give you continued top per- 
formance and long equipment life. 


Let your Allis-Chalmers dealer show you how 
these feature-packed crawlers can do your coal 
handling better and at lower cost. 
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ALLIS-CHALMERS 
HD-11 
Hp — 85 belt 
Weight — 20,500 Ib 


Drawbar pull — up to 
21,980 Ib 





Four models of tractor shovels are offered 
with bucket sizes that will handle up to 5 tons 
of coal. 


ALLIS-CHALMERS, CONSTRUCTION MACHINERY DIVISION 
MILWAUKEE 1, WISCONSIN 
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ALLIS-CHALMERS 
HD-6 
Hp — 55 belt 
Weight — 12,400 Ib 


Drawbar pull — up to 
12,650 Ib 


You have a wide choice of dozer blades for each of the 
four sizes of crawler tractors. 


There are efficient coal-hauling scrapers in a range of 
sizes for use with Allis-Chalmers crawler tractors. 





How ELECTRUNITE 
do double duty... 
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Tubing helps G-E Recovery Unit 
Capture chemicals, produce power 


This new recovery unit, recently installed at the 
St. Marys Kraft Paper Company, St. Marys, Georgia, 
performs two important functions. It recovers val- 
uable chemicals for re-use by burning the black 
liquor residue from the digesters. And, it provides 
plant operating power by generating approximate- 
ly 120,000 pounds of 610-pound steam per hour. 

More than 13,500 linear feet of Republic 
ELECTRUNITE Boiler Tubing were installed in this 
unit by its designers and builders, Combustion Engi- 
neering, Inc., New York, to assure maximum effi- 
ciency and dependability. They know from years 
of good experience in previous installations that 
Republic ELECTRUNITE Boiler Tubing is a wise 
investment in trouble-free operation, 


Here’s why... 


The electric welding process produces a precise, 
uniform wall thickness, assuring an efficient, even 
heat transfer all around and throughout the length 
of each tube. There are no thin spots to threaten 
dependability. And each tube is hydrostatically or 
electronically tested in excess of code requirements, 


Before you specify tubing for new boilers, or for 
retubing existing equipment, get all the facts on 
ELECTRUNITE Boiler, Condenser and Heat Ex- 
changer Tubing from your Republic representa- 
tive. Check coupon below for material you would 
like to receive. Be sure to send for your free copy 
of our handy wall chart entitled, “Care and Mainte- 
nance of Boiler Tubing.” It's a helpful. guide to 
protecting your boiler installation from corrosion, 
erosion and physical wear and tear. 


PREDICTABLE DUCTILITY ASSURES 
smooth, accurate bends and full- 


expansion roll-in of Republic 
ELECTRUNITE Boiler Tubes. 


ELECTRUNITE BOILER TUBES ALWAYS 
ROLL IN EASILY. They slide through 
drum holes freely, roller-expand and 
bead-over to smooth, non-leaking 
joints easily and quickly. 


STEEL 


and Steck Produclad 
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Dept. C-1928 

3172 East 45th Street, Cleveland 27, Ohio 

Please send: 

© Illustrated booklet giving facts on 
ELECTRUNITE® Boiler Tubes 

(€) 8-page brochure on Heat Exchanger Tubing 
CO) carbon steel 0 stainless steel 

O) Handy wall chart on care and maintenance of 
boiler tubes 


Name Tithe 
9 — — 


Address___ 
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If YOU USE critical piping, 
there is a moral for you in this candid shot 
Unless you enjoy having headaches and meeting 
extra costs, assign your next high-temperature, 
high-pressure piping job to practiced special- 
ists who can take over from the start to finish. 
Mitchell's 57 years’ experience serving power 


and process plants suggests that you ask us in. 


W. K. MITCHELL & CO., INC. 
WESTPORT JOINT Philadelphia 46, Pa. 


PIPING 


PIPING FABRICATORS AND CONTRACTORS 
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RESEARCH-COTTRELL 1955 ORDERS 
For 20 Central Station Precipitators 


UNIT 
COMPANY STATION NUMBER 





Appalachian Electric 
Power Company 


Rochester Gas and 
See eee 


Chicago District 
Electric Generating Corp. . . . State Line 





Western Massachusetts 
Electric Company West Springfield . 3 


Tampa Electric Company ...Gannon 


Potomac Electric 
Power Company Potomac River ... 


Delaware Power & 
Light Company Indian River 


Cincinnati Gas & 
Electric Company ......... Walter C. Beckjord 4 


Philadelphia 

Electric Company .........Southwark... 11, 12 
21 & 22 

Commonwealth 

Edison Company Crawford....... 7 


New England Utility—two precipitators 


Research- 
Cottrell, inc. 


Main Office and Plant: Bound Brook, New Jersey 
405 Lexington Ave., New York 17, New York 
Grant Building, Pittsburgh 19, Pennsylvania 
228 N. La Salle St., Chicago 1, Illinois 

111 Sutter Bldg., San Francisco 4, California 





Copes-Vulcan offers in-line or cor- 
buretor type Steam-Assist, or simple 
mechanical-atomizing desuperheaters. 


NEW Copes-Vulcan 


These high-quality pressure reducing and desuper- 
heating stations offer the latest advances in reducing 
valves and desuperheaters. They give you an in- 
tegrated station designed specifically to meet your 
operating needs. 

Copes-Vulcan valves--diaphragm or piston oper- 
ated, depending on your conditions -give close 
modulating control. Simplified design means 
optimum operating characteristics with easy, low- 
cost maintenance. 

The Steam-Assist Desuperheater advances a new 
principle in reducing steam temperatures. Cooling 
water and assisting steam are mixed in the exclusive 
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Pressure Reducing and Desuperheating Stations 


mechanical atomization is needed. 


swirl chamber, upstream from the point of injec- 
tion. No large steam bubbles form to cause hammer 
or vibration. Flow of assisting steam can be auto- 


matically reduced as load increases, and shut off 


completely at high loads where no more than 


COPES-VULCAN DIVISION 


Cons -hiqy) ~BLAW-KNOX COMPANY 


ERIE 4, PENNSYLVANIA 2] 


COMBUSTION—May 1956 


“Packaged” control systems by Copes-Vulcan 
mean undivided responsibility, custom design and 
lifetime engineering service. They assure top per- 
formance over an unusually long service life. 


M4 UL 


cs 


SHE VISE 











Specify J-M Superex, 


industry's favorite block 


Made from diatomaceous silica and asbestos 
for all temperatures to 1900F 


’ 
ENJOY ereater insulation 


9 mw LI 
Savings 


combination of low conductivity and 


with Superex”. Its unique 


Outstanding resistance to high temper- 
atures provides greater operating effi- 
maintenance - free 


ciency and longer 


service. That's why Superex is the lead 


ing block insulation for furnace work 


Light and easy towork, Superex with- 
stands temperatures to 1900F indefi 
nitely with negligible loss of efficiency 
and is so strong that it compresses 
only 4% inch under 6 tons’ pressure per 
square foot. Its light weight, excellent 


working properties and availability 








Johns-Manville 


large blocks mean quick, easy, low- 


cost installation 


For high temperature equipment, 
Since its introduction in 1927, Superex 
has received enthusiastic acceptance 
Today it economically insulates 90 


of the country’s hot blast stoves 


Other 
where Superex has proved its supe- 


high temperature equipment 


/ 


rior performance include most types 


of industrial and metallurgical fur- 
naces and ovens, stationary and 
marine boilers, regenerators, kilns 


roasters, high-temperature mains, flues 


and stacks 








insulation 








° 
(LY INSULATION 
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Water treatment by 


NALCO 


protects boilers and cooling system of big new ammonia plant 





Processing units (left) and Nalco-protected waste heat boilers 
in new $13 million Brea Chemicals, Inc. ammonia plant 


ry 
W hen $13,000,000 goes into a brand new ammonia 

plant equipment, services and supplies must be right up 

to snuff from the start. The Nalco System has been See the next page 
working here from the beginning—and the Nalco treatments for details on Nalco results 
and services rendered in a successful plant-wide program . on Ammonia Road 
point up the advantages to be gained with the Nalco 


System in plants new or old 
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Nalco System treatments on Ammonia Road solve these im- 
portant water and steam processing problems: scale and cor- 
rosion prevention in both water and steam systems; boiler- 
water foam control and sludge-conditioning; and contamina- 


tion-tree process steam 





W hatever your water treatment problems may be—in a plant 
of any size—there is a Nalco System program designed to 
solve them, permanently ind economically. Write or phone 
today for details 





Top—Large cooling tower at this new west coast ammonia 
plant gets protection against scaling and corrosion with a 
non-toxic Nalco formula. iow pH treatment stops deteri 
ration of cooling tower lumber ond cuts dosage require 
ments for slime and algae contro! 

Above—Bali form cooling water treatment is mere 
dropped into a simple wire basket device suspended 
poling tower basin 


> 





Bartlet?-Snow 


coal handling 








at arjlon a 


@ The view above shows the first 120,000 KW unit of a 
plant which will be extended into a 360,000 KW station. 


The track and reclaiming hoppers. apron feeders, the 
three 700 ton per hour belt conveyors that total 1,178 
feet in length, gates, chutes, and transfer points were 
detailed and fabricated in our shops and installed by our 
erectors to Ebasco Services Incorporated’s specifications. 
For maximum efficiency and fixed unit responsibility, let 
the Bartlett-Snow coal handling engineers work with 


you on your next job. 


DESIGNERS 


“Builders of Equipment for People You Know” 


x 


General View of O. H. Hutchings Station 
Dayton Power and Light Company 
Ebasco Services !ncorporated 


* es 


Consulting Engineers 


Gates and Apron Feeders Under 
Track and Reclaiming Hoppers 


Drive For 700 Ton Per Hour 
Belt Conveyor 




















“BUFFALO” 


FOR CLASS II THRU IV 
AND MECHANICAL DRAFT 


THE NEW “Buffalo” Type “BLH’’ FAN is THE PROVEN BL WHEEL has a deep drawn 
engineered for installations where total flange to form a true half-circle with the inlet 
pressure requirements of 334” and up exist. cone. Highly efficient non-overloading back- 
These applications include mechanical draft, | ward-curved blades, solid back plate and extra 
conduit air conditioning and many industrial heavy hub make this wheel ideally suited to 
applications. this service. 


CANTILEVERED INLET VANES eliminate center IMPROVED FAN OUTLET — reduces outlet air 
ring, reducing turbulence and improving airflow turbulence from fan cutoff into duct by making 
through the inlet. The die formed inlet vanes more even, gradual change from velocity to 
and inlet bell further contribute to smooth air static pressure. Without this complete stream- 
flow, minimizing effects of unfavorable inlet lining of inlet, housing AND outlet, such high 
conditions. efficiency is impossible. 


BUFFALO FORGE 


BUFFALO, 
Canadian Blower & Forge Co., Ltd., 


VENTILATING AIR CLEANING AIR TEMPERING PRESSURE BLOWING 
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“BLH” \ 














VENTILATING—INDUSTRIAL 


SERVICE 


7 4 ¢ 
SMOOTH (C) 


DIVERGENT 
FLOW 


86% MECHANICAL EFFICIENCY — made pos- 
sible by a combination of inlet, wheel and hous- 
ing design. The smoothest “air-ride” in fan 
history. 


“Buffalo” “Q” FACTOR CONSTRUCTION gives 


you many years of trouble-free service. Housing 


COMPANY 


NEW YORK 


Kitchener, Ont. 
INDUCED DRAFT EXHAUSTING 
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FORCED DRAFT 


is all-welded construction. Wheel and blades 
are riveted and welded for maximum strength, 
the basic design having been thoroughly tested 
in the Vacuum Pit, a “Buffalo” exclusive. 


AVAILABLE in wheel diameters from 1814” to 
8034", the new “Buffalo” “BLH” merits your 
consideration. Write for details on your com- 
pany letterhead — today. 


*The "Q” Factor — the built-in Quality which 
provides trouble-free satisfaction and long life. 


COOLING 








HEATING 


POWELL 
Lubricated Flug 
VALVES 
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150 or 300 Pound Steel 


BOLTED GLAND TYPE. 6 
200 Pound W.0.G. Semi-Stee 


POWELL 


SCREWED GLAND TYPE 


(Sectior 


Powell Lubricated Plug Valves maintain our 110-year tradition of quality and 


precision. Only the finest available materials are used. And painstaking quality 





control is rigidly enforced through each and every step of manufacture. PERFORMANCE 


Features include quick and positive operation—just a quarter-turn to open or 
close. Lubricant grooves surrounding each port provide a positive seal when the 


valve is closed. In an open position, seating surfaces are not exposed. 


Valve users who want one source of supply for lubricated plug as well as all 


types of bronze, iron, steel and corrosion-resistant valves will want full details 
on Powell Lubricated Plug Valves. 


‘ 


VERIFIED 











Available in Steel and Semi-Steel through distributors in principal cities. If 


none is located near you—or if you need help on valve problems—write direct to BRONZE, IRON, STEEL 


AND CORROSION- 
The Wm. Powell Company, Cincinnati 22, onic... 190th YEAR resistant vacves 


The Sounte ok supply kon all, valve needs! 
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OL’ MAN SLUDGE DOESN’T SHOW UP ANY MORE 


He used to spend a good portion of his time in the tubes 
of this boiler. Then, about once a year or so, he’d have 
to be chased out with acid. But even that didn’t seem to 
discourage him—within a short time, he’d be sneaking 
back in to start doing business at the same old stand. A 
very stubborn fellow—and expensive. 

But that’s all changed now. Ever since treatment with 
Dearborn 659* started, Ol’ Man Sludge has been 
fighting a hopeless battle. Now, every time he tries to 
gain entrance to the boiler tubes, 659 reduces him to fluid 


form so he doesn’t get a chance to stick around. Then, 


Drarvbow 


FIGHTING CORROSION WHEREVER iT OCCURS 
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out he goes via the blowdown route 

Of course, Dearborn 659 does more than just condition 
sludge. Its patented polyamide anti-foam agents improve 
steam quality, while the catalyzed sodium sulfite ingre 
dient prevents corrosive attack on metal surfaces. In addi 
tion, the colloidal action of Dearborn 659 controls scale 
formation in boiler feedwater lines. 

You'll find it will pay you to investigate the many 
advantages of Dearborn 659. Bulletin 5008-B tells how 
to clean up on OI’ Man Sludge. May we send you a copy? 


a three ‘659 —_— 


*U.S. Pat. No. Re-23085 


Dearborn Chemical Company, Dept. COM 
Merchandise Mart Plaza, Chicago $4, Ill 


Please send me Bulletin 5008-B on Dearborn Formula 659. 
Name Title 
Company 
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Potomac Electric Power 


American 
Blower 
reports on progress 
in power 


and nearby areas of Mar 


At PEPCo'’s Benning Plant, three American Blower Gérol Fluid 
Drives provic nljustable speed oo ol for boiler-feed pumps 
Each is rated at 1250 hp at 3600 rpm. Six Grol Fluid Drives 
for the same application are installed at the Potomac River 
Plant each is rated at [70 1 at 3600 rpm 


24 


Hant is one of three PEPCo electr 


American Blower Forced Draft Fans are 
also installed at the Potomac River Station. 
Fans on Boilers 1 and 2 are rated at 113,000 
cfm @ 100 F @ 11.0” sp @ 1150 rpm. Fans 
on Boilers 3 and 4 are rated at 111,000 
0 700 rpm. 


cfm @ 100 F @ 17.5” sp 
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records all-time peak load: 
810,000 kw 


Potomac Electric Power Company's new \s an important part of its power build- 


high peak load of 810,000 kw in 1955 up, PEPCo relies on American Blower 


marked a 9.3% increase above the peak of Mechanical Draft Fans for efficient air 
the previous year. Although it was appre handling and Gvyrol Fluid Drives for 
ciable, the boost is only the beginning smooth power transmission 

The coming years will see the continu Like PEPCo, many other progressive 
allo Ol an @Xpa VT: w! 

on of al pansion program in which utilities depend on American Blower 


Potomac Electric Power Company has 
equipment to meet rigid power-plant dle- 


been engaged since the close of World 
¥ ' mands Perhaps we can serve you, too, 
War II to better serve its more than 

, Call our nearby branch othce for tull dat: 
120,000 customers in the District of Co ) ch OM ‘ data 
: | \ 7 yr: 

lumbia, and areas of Marvland and Vir on our Mechanical Draft Equipment, Fly 


ginia, During the 14-vear period, 1947 to 
1960. additions to PEPCo’'s electric plant Coils, and Gvyrol Fluid Drives for boilei 


Ash Precipitators, Heavy Duty Steam 


are expected to total $320 million. feed pump and fan control 


American Blower Sirocco Induced Draft Fans service four boilers at the Potomac River 
station. Latest fans are rated at 160,000 cfm @ 250°F @ 18.0” sp. @ 667 rpm 


AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN e@ CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 


Division of Amemcan - Standard 


AMERICAN “©: BLOWER 


SAH 
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Look for these Signs of Safety 
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TIGHT 
CLOSURE 
WITHOUT 


CHATTER 4 POPS AT 
SET 


PRESSURE 
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OPENS 
SHARPLY 
WITHOUT 
SIMMER 

OR WARM 


MINIMUM 
BLOWDOWN 





[he performance built into every Crosby maintenance. Because they incorporate gen- 
High Capacity Safety Valve results from erous safety factors, these valves stay on the 
basically sound engineering plus materials and iob for years. 
workmanship of the highest quality Crosby Write for Bulletin describing the complete 
Valves meet the need for maximum operating line of Crosby Safety Valves or ask for our 
dependability and minimum downtime and quote on your valve requirements. 


CROSBY STEAM GAGE & VALVE COMPANY 
43 KENDRICK STREET, WRENTHAM, MASS. 


* rosby. ‘ 


KEEPS PRESSURE ON THE 
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is a nation’s 
greatest 
treasure 


Modern industrial might comes from for every purpose. The nation can safely 
nature’s harnessed energy. This nation’s bank on bituminous treasures like this and 
greatest single energy resource is found in on B&O operators to mine and supply it in 
its tremendous reserves of Bituminous coal. greatest quantities, with increasing efficiency 

As population increases—as living stand- at stable-low-cost. Ask our man! 
ards rise, vast additional amounts of 


energy will be required—and found in Let our Cool Traffic Representative suggest 


a constant-low-cost Bituminous coal for your needs— 
COAL TRAFFIC DEPARTMENT 
B&O RAILROAD © BALTIMORE 1, MD 
LExington 9-0400 


Bituminous—the fuel with a future. 
Fields served by B&O contain known 
reserves of more than 8 billion tons suitable 


eee et FH HO oe 22.5 
B&O iy, BO 4, : Ba 
. onal 


_ ~~ 


A 4°. 


=F-Uhibeskola-mr- ols io Me st -lila-t tl: 


’ BITUMINOUS COALS FOR EVERY PURPOSE 
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instellation view — oil fired unit. 
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Ever consider High Temperature Water 
for your heating and processing needs? 


Both steam and high temperature water have their place, and your particular requirements will 
determine which is best for you. In either case, the complete C-E line includes a type and size of 
boiler exactly suited to your needs. Where high temperature (HT) water seems indicated, it 


affords such important advantages as: 


The higher available heat in HT water — many times that of steam at the same pressure. 
Closer control of temperature. 


Heat loss is lower with the HT water closed system . . . unused heat returns to the boiler . . 


no condensate return lines. 

No elaborate feedwater treatment required. Make-up requirements are exceptionally low. 
Steam traps not required — trap problems and attendant expense are eliminated. 

no condensate losses. 


6. No blowdown losses... no safety valve vent losses... 


The 
a high temperature water system. There are many hundreds of HT water installations operating 


planning of any new heating and/or processing system should include the consideration of 


abroad and a rapidly growing number in the U. S. A. It may be just right for your requirements. 


K 


Advantages of the C-E “HT” Water Boiler 


Once it is established that HT water is right for 
your needs, your next concern is selection of 
proper equipment. The C-E high pressure, high 
temperature water boiler has inherent advantages 
that make it the best possible choice. It is espe- 
cially designed for HT water applications utilizing 


as it does the principle of forced, controlled circu- 
lation which is extended throughout the entire 
system. This accounts for numerous points of 
superiority in the C-E LaMont Controlled Circu- 
lation Hot Water Boiler. Among these are: 


1. Complete control over HT water movement in both system and boiler. 


2. No separate boiler pump is required, since low pressure loss is inherent. 
Pressurized operation with oil or gas means no induced draft fan 
Single-pass design — no baffles — means cleaner boiler and lower draft loss. 
More efficient heating surface can be arranged because of controlled, positive circulation, 
Any fuel — oil, gas, coal, or any combination of fuels. 


Other features such as: gastight, welded steel casing . . . fewer headers, 


all of which are accessible. 


The C-E LaMont Controlled Circulation Hot 
Water Boiler is available in sizes ranging from 10 
to 200-million Btu per hour, or more, with pres- 
sures up to 500 psi and temperatures to 475 F 
higher if required. 

If you are in the market for a heating or process 


system — or expect to be ~ by all means investi- 
gate high temperature water and the C-E “HT” 
Water Boiler. Our engineers will be pleased to 
discuss the subject with you or your consultants. 
Write for our new catalog HT-112. 


ENGINEERING 


Combustion Engineering Building © 200 Madison Avenue, New York 16, N. Y. 
CANADA: COMBUSTION ENGINEERING-SUPERHEATER LTD 


COMBUSTION 


PULVERIZERS; 
SOIL PIPE 


EQUIPMENT; 
HEATERS; 


PAPER MILL 
DOMESTIC WATER 


NUCLEAR REACTORS; 
PRESSURE VESSELS; 


STEAM GENERATING UNITS; 
FLASH DRYING SYSTEMS; 
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P Why is the 
new KOPPERS 
Mechanical 
Collector better? 


It will pay you to investigate this new Koppers cyclonic 





type dust collector! You'll find better engineering through- 
out—better design— because the Koppers Mechanical 
Collector was developed after years of study and intensive 
experience in dust collecting problems. This collector is 
engineered to produce maximum efficiency with minimum 
pressure drop—and by varying the number and arrange- 
ment of individual cyclones, can be designed for any gas 
volume. We think you'll agree that the Koppers Mechan 


ical Collector és better, and Koppers engineers will gladly 


advise you on how it can help solve your problems. Mean. 


time, for more information on this new Koppers Dust 
Collector, write for Bulletin M 42! KOPPERS COMPANY, 
INC., Industrial Gas Cleaning Dept., 4405 Scott St., 
Baltimore 3, Md. 


MECHANICAL 
COLLECTORS 


METAL PRODUCTS DIVISION + KOPPERS COMPANY, INC. + BALTIMORE 
3, MAD. This Koppers Division cho supplies industry with Fost's Couplings, 
American Hammered industrial Pision and Sealing Rings. Aeromaster Fans, 


Ges Apporotus Engineered Products sold with Service 
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5 “Euc SCRAPERS. . .7 to 18 yds. struck 


MORE WORK-ABILITY... 
BETTER ACCESSIBILITY 


Ease of operation and maintenance and 
production performance have made Euclid 
the fastest selling scraper line in the indus- 
try. Advanced design of Euclid’s hydraulic 
lever action provides fast, positive and in- 
dependent control of bowl, apron and 
ejector . .. downtime and expense of cable 
replacement is eliminated. The low, wide 
scraper bowl, with adjustable 4-section 
cutting blade, assures fast, easy loading 
in any material. All major components in 
every Euclid scraper are readily accessible 

.. another reason why Euclids are your 
best investment. 


EUCLID DIVISION, General Motors, Cleveland 17, Ohio 


is the newest Euclid Twin-Power 
Scraper. A one-man earth-moving outfit, it has tre- 
mendous power and traction... self loads and can 
work on steep grades and the toughest jobs. Pow- 
ered by two 218 h.p. engines, each driving through 
separate Torqmatic Drives. Tractor is available with 
300 h.p. engine for work where even more power 
is needed. Tires are 27.00 x 33 with 33.50 x 33 
optional. Heaped capacity at 3:1 slope is 21 yds. 
and 25 yds. at 1:1. The TS-18 has set new stand- 
ords of scraper production and low cost yardage. 


GXir 


These overhung engine models hove struck capacities of 
7, 12 and 18 yds. ... are powered by 143, 218 and 300 
h.p. engines. The S-7 and S-12 have 5 speed transmissions 
... 5-18 has 300 h.p. engine and Torqmatic Drive. With 
full power steering, these scrapers are easy to operate. . 
have exceptionally good maneuverability. 


yard Scraper has a 4-wheel tractor for maximum 
stability on long hauls at fast travel speed. It is powered 
by a 300 h.p. engine with either a 10-speed transmission 


| or Torqmatic Drive. Heaped capacity at 3:1 slope is 18 yds. 


... 21 yds. at 1:1 slope. Drive and scraper tires are 24.00 
x 25 with 29.5 x 25 optional. 


EUCLID DIVISION Generat motors CORPORATION, Cleveland 17, Ohio 
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EDWARD VALVES, INC. 


f 
SUBSIDIARY OF ROCKWELL MANUFACTURING CQ. 


EAST CHICAGO, INDIANA 





1500 Ib. FORGED STEEL 
BLOW-OFF VALVES 





DRAWN Aedser DRAWING N2 
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It's happening all over the country! This time it's the West Heating 
Plant of G.S.A. in Washington, D.C. Six of the nine chutes shown 


Clad Steel Chosen Again... 





STAINLESS-CLAD CHUTES 
PROMISE FREE FLOW 
IN G. S.A. HEATING PLANT! 


The General Services Administration is replacing worn 
coal chutes in its West Heating Plant with chutes of 
stainless-clad steel. In growing numbers, coal handling 
installations throughout the country are switching to 
clad steel equipment — because of these demonstrated 
advantages 


fits Sl, 


4 . 
73 < 





above, each over 25’ long by 18” O.D., are of Lukens 9” 20% Type 304 


stainless-clad steel, purchased to assure free coal flow 


@ substantial economies through lower maintenance costs in 
chutes, hoppers, bunker noses, pipes and spreaders 

@ toughness proved by installations 10 
no measurable wear! 


years old which show 


@ freedom from hangups and the damaging and costly effects 
of sulphuric acid corrosion from wet coal! 


@ evidence of service life that matches the life of the boiler! 
@ Plus: ready fabrication . . . the permanence of bond between 
stainless-clad surface and strong, low-cost carbon steel back- 
ing plate over-all quality that delivers lower maintenance 
costs, longer life and trouble-free operation 

Want performance facts . . . product information to help 
your engineers make the most of clad steel ...the names 
of some of the nation’s best and most experienced coal 
handling equipment builders? Write Manager, Market- 
ing Service, 345 Lukens Building, Lukens Steel Com- 
pany, Coatesville, Pennsylvania. 


STAINLESS-CLAD STEELS fim 


FOR INTERIOR COAL HANDLING EQUIPMENT 


LUKENS STEEL COMPANY, COATESVILLE, PENNSYLVANIA 
Producers of the Widest Range of Types and Sizes of Clad Steel Available Anywhere 
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Tat (0 air preheater installations are Ljungstrom® 





Advantages of the Liungstrom Air Preheater 


® Size for size, recovers more heat thon any other type. 


® Reduces fuel consumption. Permits use of lower-grade 


fuels. Increases boiler output and reliability 
Eliminates cold spots ... keeps corrosion to ao minimum. 
Easier, faster to clean and maintain. 


Requires far less supporting steel and is quickly erected. 











FUEL ECONOMY is the big reason. 
Size for size, the Ljungstrom recovers more 


heat than any other type of air preheater. 
And with every 45-50 F of air preheat 
you cut your fuel bill 1%. 

Write now for your copy of our 38-page 
manual, for handy reference. 


The Air Preheater Corporations 60 tos 4200 sirect, New York 17,4. ¥. 
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70 Years ago we used ads like this to tell buyers about 
Bell & Zoller Coal. We've done a lot of growing—and made a lot of changes since then. 
® But one thing hasn't changed—the famous free-burning, low ash, high heat-producing 
quality of Bell & Zoller products. © The proudest statement we can make on our 7Oth 
Anniversary is the same one we could make in 1886: Superb Quality Coal, We Mine It— 
ZEIGLER, MOSS HILL, ORIOLE, MURDOCK, LIBERTY SMOKELESS, BUCKHORN, 
SPARTA...and you can get it today through your nearest Bell:& Zoller office. 


Now serving 32 states from coast to coast 


Coal Company 


DetroiteNew YorkeSt. Louis ¢ Minneapolis 


BELL BUILDING, CHICAGO 1, ILLINOIS | Omahae Mil-vaukeee Louisvillee Washington, D.C. 


38 


Terre Haute, Ind.e Mount Hope, W.Va. 
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BIRDIE... thanks to brick! 


ut brick. You would 
ill no Steel for 


> no mower to trim 


greens. And no 


1 


everything that moves 

ce to refractory brick 
ntains and controls 
try. Brick in infinite 


composition. There 


could be no industry were it not for brick 


And General Refractories, to provide the 
complete refractory service industry 
needs, employs the world’s largest, most 
modern refractories research laboratory and 


66 mines and manufacturing plants both 
here and abroad 
{ Complete Refractories Se 


GENERAL REFRACTORIES COMPANY 


Philadelphia 2 


A COMPLETE REFRACTORIES SERVICE FOR STEAM GENERATION 


Monolithic furnace linings of GREFco plastic fire- 
brick are economical and will provide long 
uninterrupted service. Three high quality mixes 
are available for various furnace conditions with a 
selection of well engineered refractory and high 
temperature alloy metal anchors for various 
combinations and thicknesses. 


.—— 


Bie | 
get 
a: 


GREFCO plastics are manufactured at three stra- 
tegically located plants in Pennsylvania, Missouri 
and Georgia. Stocks are maintained for prompt 
truck delivery at all company warehouses and 
dealers in princinal cities 


When you specify Greco you are assured of 
quality second to none. The world’s finest and 
best equipped refractory laboratory is constantly 
developing new products and improving old ones. 
District laboratories constantly check raw mate- 
rials and finished products. Grerco places great 
emphasis on uniform high quality. 


SUPER BRIKRAM MIX-G—a super duty quality plastic fire- 
brick with a special binder which provides an airset when 
material is air dried. Provides high strength throughout 
the entire thickness of the wall or arch 


SUPER BRIKRAM—a plastic firebrick of super duty quality 
for furnace linings where conditions warrant the use of 
super duty quality. Has excellent resistance to spalling 
and high temperatures 


BRIKRAM—a plastic firebrick of high duty quality. Excellent 
for patching or complete furnace linings where conditions 
do not require a super duty quality refractory 
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CYLINDER 


TH 


Welded 





STAN DARD 





TUBING 


mirror-finished” by Standard 


Standard “mirror-finished” cylinder tubing is full- 
finished to use without further sizing or finishing for 
such applications as automobile shock absorbers, 
power steering and hydraulic pumps. When it comes to 
punishment, it can really take it. Every inch of this 
rugged tubing measures up to exacting specifications 
in cylinder finish . . . in ID tolerances as close as .001" 
. in extreme uniformity of wall thickness and con- 
centricity ... in internal pressure resistance, 
tested to shocks up to 9000 p.s.i. Cylinder sizes to 3” OD 
x .165” wall. For full information on Standard’s 
complete range of products, plant facilities and 
engineering assistance send for free folder below. 


@ Welded Stainless Tubing and Pipe. © Boiler and Heat Exchanger 
@ Welded Carbon Steel mechanical. @ Exclusive rigidized pattern. 
@ Special Shapes 








Shock absorber with metal-to- Free 8-page folder on 
metal plunger in cylinder tube 

held to .001” ID tolerance. “Mir- all Standard products. 
ror-finish”, concentricity and pre- Wien to effivcss below. 





cision tolerance makes Standard 
cylinder-grade tubing usable as is 
for hydraulic ard other cylinders. 








E STANDARD TUBE COMPANY 


24400 PLYMOUTH ROAD . DETROIT 39, MICHIGAN 


stainless tubing and pipe e Welded carbon steel mechanical e Boiler and Heat Exchanger 


e Exclusive rigidized patterns « Special Shapes « Steel Tubing —Sizes: ‘1° OD to 5!" OD 


028 to .260 wall « Stainless—Sizes: 4" OD to 4" OD—.020 to .154 wall 
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Pacific Gas & Electric Company's Pittsburg (California) Stati 


New Pacific Gas & Electric's Pittsburg Station... 
660,000 KW...Uses 16 Westinghouse Mechanical Draft Fans 


Largest Steam Plant in West Uses Westinghouse Fans Tr ae 
for Induced and Forced Draft 


Here, eight Forced Draft and eight These mechanical Draft Fans are 
Induced Draft Westinghouse Fans _ specifically designed for outdoor in- 
nd Motors serve four boilers, each _ stallation. 
producing 1,135,000 pounds of steam For power generation—or for any 
ner hour at 1850 psig and 1,000° fF other air handling job, let Westing- 
Two Forced Draft Fans driven by house-Sturtevant put air to work for 
900 hp motors provide 219,000 cfm you—economically, efficiently 

) ' static pressure FOR MOREFACTS onthe industry's 

ced Draft Fans driven by most complete air handling line, call Qver-all view of Pacific Gas & Electric Com 

rs move 358,000 cfm on the “Man with the Facts”, your pany's Pittsburg Station showing four huge 

static pressure toeach Westinghouse-Sturtevant Sales Engi- >vilers and 16 Westinghouse Forced Draft 


and Induced Draft Fan 
vision for coal firing neer, or fillin the handy coupon below : ‘ : 


WESTINGHOUSE B&F i se:co Swim 


¢ Park, Boston 3 


AIR HAN DLING Please send facts on Westinehouse Mechanical Draft 


equipment 
you caw Be SURE...1¢ rs 


NAME AND TITLE 


Westinghouse mer 


CITY 
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Process CO2 and, Steam ‘Needs Met 
on Low Grade Western Coal 


with REPUBLIC 


Lutomatin 


COMBUSTION CONTROLS 


Utah-idaho Sugar Company's new $7,000,000 sugar beet 


factory at Moses Lake, Washington, makes over 


75,000,000 Ibs. sugar each year, and uses a lot of 


steam and CO; to do it. Republic automatic 
combustion controls meet these 
multiple needs efficiently. 


High COz2 in the flue gas is an important indi- 
cation of combustion efficiency, but it has added 
importance at the new Moses Lake plant of the 
Utah -Idaho Sugar Co. High CO2 production 
must be maintained to assure adequate supplies 
of the gas for processes, and the concentration 
of COz in the flue gas is important to the cost 
of its extraction. 


Republic Automatic Combustion Controls keep 
the CO2 ata high 12-13%, despite the low-grade 
western coa! being burned. 


The plant's spreader-stoker-fired 250,000 lb/hr 
boiler must be regulated to meet the CO2 


quantity and concentration requirements while 
furnishing the needed process steam at top effi- 
ciency. Plant operators report that the Republic 
controls meet these multiple requirements even 
during ash removal, soot blowing, and fire 
cleaning—without disturbing the fuel-air ratio 
and while on fully-automatic control. 


Speed-controlled forced and induced draft fans 
regulated by the combustion controls maintain 
proper draft without dampers, and despite a high 
stack. A three-element Republic boiler feedwater 
system is also regulated by the combustion 
controls to meet water requirements at all 
steaming rates. 


This plant is another example of how Republic 
combustion engineers can work to unusual and 
rigid specifications in designing and building 
combustion controls for individual requirements. 
To get top boiler performance and those extras 
thet your plont needs, ask Republic to design 
and build your combustion control system 
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REPUBLIC 
FLOW METERS CO. 


2240 Diversey Parkway 


Chicago 47 Tne 
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Photograph shows CARBOFRAX® brick, 
raised to white heat (2460°F) in kiln, 


being plunged halfway into cold water 


— without spalling or cracking 


third in a series... 


THERMAL SHOCK RESISTANCE 


Unusual Properties of Refractory Materials 


Therma! Shock Resistance in VALUABLE INFORMATION FOR USERS OF: 


rring 


withstand raft f fring temperaturt with 


Several properties aft ng the degre 


thermal conductivity, ultimate CATALYST SUPPORTS @ OXIDE, BORIDE, NITRIDE AND CARBIDE 


REFRACTORIES @ CASTABLE CEMENTS @ POROUS PLATES AND TUBES 


nsion and modulus of elasticity 
ee a HIGH-TEMPERATURE MATERIALS © CERAMIC FIBER 


tories developed by Carborur 
re all in the new magazine “Refractories” 


properties in the ranges that insur¢ 
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How Buell’s Exclusive Rapping Mechanism 
delivers Extra Dust Collection Efficiency 





Complementing the extra efficiency of rapping in Buell “SF” Electric 
Precipitators, the unique Spiralectrodes add further efficiency through 
50% to 100% higher electron emission, constantly accurate spacing, 


longer electrode life. 


bs — 
Pd * 


T- a i 






For more specific data 

about Buell’s extra efficiency 
write Dept. 50-E, 

Buell Engineering Company, 

70 Pine Street, New York 5, N. Y 





Buell Cyclones offer two “extra-efficiency” 
advantages: (1) exclusive Shave-off which 
harnesses double-eddy and puts it to work, 
and (2), large diameter design which elim- 
inates clogging 


Buell’s Low Resistance Fly Ash Collector 
combines top efficiency with low draft loss, 
for natural or forced draft installations. 
Ideal for boilers from 100 to 2000 BHP. 





FLECTRICAL > nerts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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Shippingport Impressions 


an alchemist’s dream of transmuta 
nts to a physicist’s experimental achieve 

centuries gut little than 
the initial military the 
groundbreaking for the large 
central station in United 
first test 
in common with 


more 
between 
] 


use ol 
first 
the 
uncontrolled fury of the 


nud le ir 
the 
os seems to have little 


it Lo 


the highly cor 


b ymb ia 
trolled release of thermal energy for steam 
both draw from the same fundamental 


nd it 


ition, 
teams of ind 


make 


took physicists 


engineers to this atoms-for-peace 


omplishment possible 


me enters the gates of the Duquesne Power Co 
Station 
the south bank of the Ohio River some 25 airline 

Pittsburgh, wonders about the coal that 


in the 


ort Power now being constructed 


ore 


in evidence many strip mining 
route from Pittsburgh 
learns that the had 


igo for the purpose 


motor 


trip en 
then one site 
yvears specih 
sut 

technological achievement 
plant is 


power source 


such is 
that the 
fuel-rich art 


mouth power plant 


located in a 
must ultimately con 
its economic acceptance 
sion of Shippingport ts one of masses ot 
earthmoving equipment was used to 

f typical Western Pennsylvania rolling 
ollowed by excavation for the foundation 
lear reactor and related auxiliary equipment 
characterized by 
and floor 
thickness 
the 
equip 
Phe 


than the 
flights of 


This spectacular construction 1s 


1 


unusually heavily reinforced concrete walls 


YY ; 


iats, some of them in 


Upon 


leet in 
steel 
the 
pressurized water reactor systems 


excess Of Sx 
the 
and 


these foundations rise vessels for 


the steam generators auxiliary 
le spectacular in its own way 


ms \ walk 


down many 
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the the 
for the steam generators brings one into sight of a large 


steps to one of openings in containment vessel 


container which must be made gas tight to the extent of 


allowing a few cc's ingress or egress over several years 
rhe eerie light of the welders in the dimly lit enclosure 
the clang of the 


whether the world of 


and steel fitters make one wonder 
reality 
fiction writers. The egg-shaped 
literally for 
a game of basketball without becoming 


afflicted with claustrophobia 


atom has eclipsed the 


tantasies of scrence 


containment vessels are big enough two 


teams to play 

Returning to the surface, recalling how many controls 
are to be installed and how many persons are required 
to staff the operation, one takes a final look at the con 
station, the 
All of a 
sudden the aura of progress temporarily fades away, a 


struction of the conventional parts of the 
turbine-generator and the electrical systems 


the realization dawns that the steam conditions are more 

1920's than of 
the 
industry in 


typical of central station practice of the 

the 1950's. But then tremendous 
progress of the tlie past 
quarter century, and one realizes that the retrogression 


one thinks of 


electric utility 
in steam conditions is only the prelude to progress and 
substantial improvement 

Shippingport currently is an impressive construction 
project, but it is also a symbol of engineering accomplish 
No the 


of the competitive races for energy 


ment and better things to come matter what 


ultimate outcome 
sources, Shippingport will stand as a monument for the 
the Atom 
Commission, an accomplishment of the Westinghouse 
Corp the 
reactor, and a credit to Duquesne Light Company and 
rhe visitor to the Shipping 
port plant leaves with the impression that the material 
the 
who 


power demonstration project of Energy 


Electri and its subcontractors on nuclear 


its engineering consultants 


accomplishments on the site are work of 


Without 


labor and financing, 


many 


nameless men those have supplied in 


genuity, these impressions of Ship 


pingport would have not been possible 








Field Studies of Pre-Boiler Corrosion 
in Higher Pressure Steam Plants 


By H. A. GRABOWSKI, H. D. ONGMAN and W. B. WILLSEY 


Combustion Engineering, Inc. 


The aim of this presentation is to sub- 
mit test results and experiences encoun- 
tered in collecting data for a valid evalu- 
ation of the degree of corrosion existing 
in the pre-boiler circuits of various utility 
stations. Twenty-one utility unit boiler- 
turbine combinations have been investi- 
gated in the past four years. The experi- 
ence gained from this study has empha- 
sized the need of appraising the methods 
used in estimating the corrosion potential 
of a system. The manner and frequency 
of sampling and the location of the test 
points must be carefully scrutinized to 
obtain a true trend of the solution of 
metals in contact with pure water. 


HE trend in the utility industry has been toward the 
utilization of higher steam pressures, higher steam 
temperatures and the introduction of one or two 
In 1940, the average pressure of the 
By 1952, the 
average design pressure reached a peak of 1953 psig 
\t the present time, units are being manufactured to 
operate at pressures up to 5000 turbine 
throtth The capacity of steam generators and tur 
bines has kept pace with the increase in pressure and 
now, unit boiler-turbine combinations in the range of 
200,000 to 300,000 kw are being installed in a number of 


Stages of reheating 
units sold to the utilities was 928 psig. 


psig at the 


power stations. In order to achieve the increased effi 
ciency and capability inherent in the latest design, it is 
mandatory that an excellent control of water conditions 
be maintained to prevent corrosion and the formation of 
deposits in the boiler and turbine. With this goal in 
mind, it is understandable that the operating engineer 
examines his existing apparatus critically and views the 
presence of iron and copper sludges with concern. 

There has been marked improvement in the design of 
condensers, deaerating heaters and methods of providing 
makeup water to the boiler feedwater system. This has 
resulted in a feedwater that is low in oxygen and dissolved 
solids. With this progress, it has been possible to re 
duce the blowdown from the boiler to a value of less than 
0.1 per cent of rated capacity 

rhe principal concern in the operation of the high 


capacity, high-pressure boilers has been reduced to the 
control of corrosion of boiler and pre-boiler circuits 
Copper deposits have been found in greater quantities 


* Presented at 18th Annual Meeting of the American Power Conference 


Chicago, I March 2 22, 1954 
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on the surfaces of high-pressure units. The presence of 
these deposits in the boiler emphasizes the need for an 
examination of the corrosion mechanism of metal sur 
faces in contact with high grade of water. At the pres 
ent time, there are some deficiencies in our store of know] 
edge of the corrosion mechanism and there is an indi 
cated need for further study of the problem. 


Analyzing Spot Samples 


rhe normal procedure in checking the corrosion of 
iron and copper is to analyze spot samples taken at the 
outlet of the condenser, at the boiler feed pump and at 
the inlet to [his procedure was fol 
lowed during the early our 
Obtaining samples thus, several times a day, at 


the economizer. 
stages of investigation 
a few 
points in the cycle, proved to be inadequate in establish 
ing a pattern of corrosion as there was a notable varia 
tion in the data. This altered and 
samples were collected for analysis at five or six points 
half hour. The water at the various test points 
was allowed to flow continuously during the entire sur 
vey which was generally of a four to six weeks duration 

A record of pH, iron and copper was recorded at each 
Oxygen and hydrogen contents in the feed 


procedure was 


every 


test point. 
water were analyzed and recorded continuously by means 
of Cambridge instruments 

rhe rate of corrosion of the metals in the pre 
cycle has been related to the pH value of the feedwater 
Published results by Straub (1),' Ristroph (2,3), York 
gitis (3), Hess (4), and Sperry (5) have provided infor 
mation of the relative advantages of various chemicals 1n 
curbing the corrosion of iron and copper surfaces in con 
It is not 
merits of 


boiler 


tact with condensate in the pre-boiler cycle. 
our intention to dwell upon the individual 
various volatile alkaline chemicals but to present evi 
dence of the effect of pH and dissolved gases upon the cor 
rosion rate of metals in contact with a high grade of 
water. 

Inspection of the pre-boiler cycles of the various steam 
generating systems will show a distinct difference in the 
manner in which the ultimate product, a pure feedwater 
low in dissolved solids and gases, is obtained in practic¢ 
The manner of deaeration, the preparation of the makeup 
water and the arrangement of feedwater heaters will vary 
from plant to plant. This was found in the twenty-on 
unit boiler-turbine combinations investigated 

rhe design engineer usually places the greatest empha 
sis on the thermal gains of a system In many instances, 
Btu's in the heat balance, 


techniques are incorporated in the cycle which increase 


to gain a few questionable 


the corrosion potential of a system. One such practice 
is the introduction of heater drains or storage water high 


" sraphy at end 
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Fig. 1—Summary of system investigated 


ses, as oxygen and carbon dioxide, directly 


ite entering a heater This water 1s gener 
the point of addition 
ill the gas removal occurs in the con 


of this practice leads t i notable 


lownstream of 


the pre-boiler cyck 


Systems Investtgated 


Fig. 1 illustrates some of the characteristics of the sys 
tems investigated by the survey team. Seventeen of the 
boilers operated at pressure above 1250 psig rhe ma 
jority of the units were erected between 1945 and 1951 


Most of the combinations operating above 
our study installed since 1951 Water 
the g ter number of the older systems was evaporated 


1QU0 psig in 


makeup to 


wert 


plants have replaced the evaporators with 


demineralizing apparatus 


Che effect of deaeration upon the corrosion rate of 


metals in ce ct with water was evaluated in systems 


employing condenser hot well deaeration as well as in 


where direct contact deaerating heaters were in 
Service When the 


both methods of deaeration reduced the quantity of « 


units 
equipment was properly operated, 
lis 
solved gases to a low value 

Eleven of the 
trol of the 
survey te 


systenis did not exercise a chemical con 
water pH prior to the investigation by the 
ammonia 


Of the 


Morpholine, cyclo-hexylamine, 
or hydrazine were in use at ten of the 
t employing a chemical control of pH 


g a volatile alkaline chemical to reduce 


Stations 
eleven uni 
ten are now addin 


corrosion in the pre-boiler cycle. 


Corrosion Testing 


Locating proper test points, collecting the samples and 
ontents for evidence of corrosion prod 
ucts 1s Direct this 
data, however, can lead to an erroneous estimation of 


effect 


inalyzing the 
relatively simple application of 
the degree of rrosion unless an evaluation of the 


of dissolved gases is inciuded 1n the analysis 

feedwater can result in 

in indicatior i level of corrosion. When the 

content in the water was 0.03 ppm or more, there 

lifference in the contents of ferrous and 
samples. It was apparent that the 

a relatively insoluble ferri 


rhe preset xygen in the 
I false 

xygen 
Was a mali 

ferric iror 
ferrous iron was oxidized to 


xide This oxide precipitates on the heater surfaces 
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ind tl 


sion level of a system 


le action results in a false indication of the corro 
rhe sampling apparatus and the 
layer 


normally covered with a heavy 


of oxide deposits and yet the iron in 
than 0.02 ppm. The samples generally became turbid 
ufter a marked change in the plant load 
interval, the content of the continuously 

samples increased to a value as high as 1.5 ppm. Such 
of the 


was appar 


gage glasses were 


he samples was less 


During this 
iron flowing 
observations lead one to question the significances 
results obtained under such conditions. It 
ent that only a fraction of the total corrosion products 
was recorded by normal analysis methods 

{nother 
manner of collection of the sample It 


factor in the interpretation of results 1s the 
was found that 
unless the sample was collected under an acid, some of 
the ferrous hydroxide was oxidized and plated out on the 
rhis layer 


surface of the sampling container was not 


dissolved in the normal procedure used for iron 
Ristroph (4) hi 


a similar set of observations 


readily 
determination is published data indi 
sam 
pling recept icle was checked during the survey \ re 
vcidified blank 


precipitation of oxides on the surface of a 
ceptack was cleaned and seasoned until an 


ot demineralized water indicated an absence of iron 
Water samples were collected in the bottle for one 
\fter each analysis, the receptacle was flushed out with 
water \t the end of the test 


sample was collected under an acid solution. The 


week 
lemineralized period, a 
ids 
fied sample was digested and the iron in the sample was 
be 0.75 
normal sampling procedure 


iron content of the water was about 0.02 ppm 


found to ppm. In prior analyses, using the 


without acidification, the 


Field Survey 
\ number of illustrations have been drawn up to pre 
ent typical corrosion data and the problems encountered 


in sampling 


STATION A 


One of the first objectives of the field studies was to 


determine the degree i pre-boiler 
ol dissolved gases in the feed 


ol corrosion existing in 


cycle where the quantity 


water was low vaporated and 


rhe makeup water was ¢ 
heater All the 


cascaded to the 


low-pressure 


conde nse; 


idded to the deaerating 
heater vents and drains were 


}—> TO bower 
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Fig. 2—Corrosion study 
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Fig. 3—Relationship—hydrogen content to corrosion rate of 
iron in water 


The pH of the feedwater supplied to the 1800-psig boiler 
was not adjusted by the addition of chemicals to the pre- 
boiler cycle 

\fter a pattern of corrosion was established, ammonia 
was added to the feedwater to maintain a residual of 0.25 
ppm at the condenser hot well. The pH increased to a 
value of 8.8. Fig. 2 illustrates the corrosion pattern ob 
tained with the two methods of control 

It was observed that the pH value of the water in- 
creased from 7.8 at the condenser to 8.5 at the inlet to 
the economizer when the alkalinity of the feedwater was 
not adjusted by chemical means. The rise in pH value 
was obtained at the expense of the metals in contact with 
the water. The total iron content increased from 0.01 
ppm at the condenser to 0.025 ppm at the inlet to the 
economizer. The ferrous iron was consistently less than 
the total iron indicating some oxidation of the ferrous 
ion in the feedwater system or during the procurement of 
the sampie 

Addition ol 
and copper in the teedwater system. 


ummonia reduced the corrosion of iron 
A significant de 
crease in the solution of iron and copper was especially 
the drips from the after condenser of the air 
ejector. Prior to the addition of ammonia, the average 
values of iron and copper in the drips were 0.047 and 
respectively The pH value was about 6.2 
Adding ammonia to the system increased the pH of the 
\ marked diminution in the quanti 


ties of tron and copper was realized as a result of this 


noted tin 


0.12 ppm 


drips to about 9.5 
2, the copper and iron con 
tents were less than 0.02 ppm. The ammonia content 
of the drips varied between 12.6 and 20 ppm 

Dissolved hydrogen is a parameter that is frequently 


change \s shown in Fig 


used in estimating the relative degree of reaction of iron 
Ferrous hydroxide and hydrogen are the by- 
products of this reaction. Fig. 3 illustrates the relation 
ship between the iron and hydrogen contents in the feed 
water at several pomts in the cycle. A reduction in 
hydrogen content, parallel to the decrease in iron pickup, 
was observed when a pH value of 8.8 was obtained by the 


and water 


addition of ammonia 


STATION B 


Signifying the quantities of corrosion products at the 
inlet and the outlet of the cycle does not always present 
the true pattern of metal attack which may exist in the 
system. An example of this condition was observed in 
a study of a 1450-psig station. The makeup water to 
this system was evaporated and added to the vapor side 
of a low-pressure heater. No chemicals were added for 
the control of pH in the feedwater system 


48 


STATION 8 
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Fig. 4—Corrosion study—no pH control 


Fig. 4 illustrates the results obtained in this investiga 
tion. Asin the previous illustration, the pH of the water 
increased from 7.8 at the condenser to 8.4 at the inlet to 
the economizer due to the solution of iron in contact with 
the water. The iron, copper, and hydrogen contents in 
the condensate increased as the water passed from the 
condenser to the deaerating heater. These values were 
reduced as the water passed through the deaerator and 
the value at the inlet to the 
that found at the 
quently noted in our studies and illustrates the ne -essity 


economizer was similar to 
condenser. This condition was fre 
of sampling at multiple test points in evaluating the de 
gree of metal corrosion 

Che pH of the air ejector drips and the low-pressure 
heater drains was 6.2 A notable 
degree of metal attack was observed due to the low pH 


and 6.7, respectively. 


Phe iron and copper contents in the ejector drips 
0.04 0.09 In the low-pressure heater 


value 


were and ppm 
drains, the iron and copper values were 0.12 and 0.075 
ppm, respectively. In both the 


metal attack was due to the presence of carbon dioxide 


instances, increased 


in the water 


STATION C 


rhe effect of pH control and the importance of select 
ing proper test points was evident in a similar study of a 
1300-psig system. In this case, evaporated makeup, 
high in carbon dioxide, was added to a low-pressure 
heater and the drips were cascaded to the condenser 
All the air removal was completed in the condenser 
The feedwater downstream of the condenser was always 
low in oxygen, being less than 0.01 ppm 

Fig. 5 illustrates the results noted in this study. Data 
ire shown for the periods of operation with and without 
the control of pH by the addition of ammonia to the feed 
water. 

As observed in the previous illustration, the principal 
metal attack occurred between the condenser and the 
outlet of the low-pressure heaters. There was a gradual 
diminution of corrosion products as the water passed 
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Fig. 5—Corrosion study—effect of pH control 


pressure heaters hese precipitate d 


duct ntrained in the water upon a change 1n 


load d 


Phe additio1 


ind are deposited into the boiler 

immonia to the feedwater reduced the 
corrosion d copper in the feedwater cycle to less 
than 0.01 pp The metal attack in the heater, where 
makeup was added, was high at all times 
A pH value of 6.2 
was observed in the heater drains. As a result, the iron 
ntents in the drains were 0.08 and 0.13 ppm 


the ev 
due to of carbon dioxide 
and copper « 

When ammonia was being added to the 
pH ke 


solution of pper and iron remained at a high level 


respectively 


system, the vel of the drains did not exceed 6.3 and 


us examples, the principal corrosion was 


encountered in the low-pressure heaters These case 


histories cite peration in which the makeup water was 


deaerated prior to its introduction in the cycle Fig. 6 


rrosion effect of adding an evaporated 
carbon dioxide directly into the feed 


1300 


illustrate 
makeup h 
water cycl [he air in the water supply to the 
psig boiler was removed by a deaerating hot well in the 
main condense! Evaporated makeup was introduced 
downstream of the point of deaeration 

Che principal corrosion occurred in the high-pressure 
heaters downstream of the point of addition of the make 
up. In th im, ammonia was added to control the 
PH at a value of 8.8 at the condenser outlet Phis value 
was reduce the boiler feed pump 


to the condensate 


less than 7.3 at 
when the heater drains were added 


downstream of the low-pressure heaters. A pickup of 
iron from a value of 0.015 ppm at the outlet of the last 
low-pressure heater to 0.14 ppm at the outlet of the high 


pressure heater was the result of this action 


STATION | 


Archibald (6), Pursell (6), and Straub have illustrated 
the corrosion effect of low pH drips on the steel surfaces 
of the condensing stages of a turbine The solution of 
the metal was enhanced by the condensation of decompo 
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STATION 1300 PSIG 


= 


Fig. 6—Effect of high"content of carbon dioxide 


sition products of sulfite in these drips. Ammonia, due 
to the 


volved, did not provide a 


adverse distribution ratio at the temperatures in 


measure of protection to the 
metal. 

Fig. 7 illustrates the 
ina 
system Phe 


ited 
was slug fed to the 


pattern of me tal wastage 
sulfite 


residual maintained in the 


1500-psig system where 
boiler was ex 
\ value 
of 10 to 60 ppm of sulfite was noted in the boiler water 


The pH of the feedwater was controlled at about 8.7 by 


ceptionally high for this pressure of operation 


the addition of ammonia 
he test data indicated 
in the 
copper contents at the 
\ later check of the drips from the last tur 
metal 
addition of an 
it the 


an obvious wastage of me tal 


condensing stages of the turbine Phe iron and 


condensate pump were 0.07 and 


0.03 ppm 
bine indicated a high de gree ol wastage 


Stage 


his condition was ameliorated by the 


amine possessing a low distribution ratio tempera 


tures encountered in the turbine 
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Fig. 7--Corrosion effect of high content of dissolved gases 
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Fig. 8—Corrosion study effect of high sulfite content 


It was interesting to note that the iron and copper con 


tent in the air ejector drips was less than 0.02 ppm. The 


pH of the drips was in the vicinity of 9.4. 
STATION I 
I iz. Od illustrates the effect of undesirable factors, 


i high oxygen con 


the effect of l 
condenser and th 


umong which are 
tent im the between the 
leaerating heater, the effect of slug feeding ot sulfite 
ind the maintenance of a high sulfite residual. The sys 


tem studied was a 1000-psig unit 


condensate 


Ihe investigation of high-pressure boilers, to which 
sulfite 


of the chemical in the boiler water, did not show any ev! 


was added continuously to maintain a low residual 


dence of increased corrosion in the cycle Chis observa 
tion was reached from the evidence of hydrogen and iron 
contents obtained in feedwater systems of ten utilities 


250 psig where the sulfite addition was 


operating above 
properly controlled 

Fig. 8 shows the marked difference in the corrosion rate 
of the system noted when the sulfite content of the boiler 


water was abnormally high. It is apparent that a high 


rate of metal attack can be encountered in the high 
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Fig. 9—Effect of amine addition to feedwater 
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Fig. 10—Corrosion study—use of hydrazine 


temperature heaters, to that of the condensing 


when an appreciable quantity of 


similar 
stages of the turbine, 
sulfite decomposition products are in solution 

\ marked difference in the ferrous and total iron in the 
condensate upstream of the deaerator was noted in this 
study The discrepancy, in part, was due to the 
tity of oxygen present in that portion of the cycl The 


oxygen content varied between 0.02 and 0.15 ppm 1 


cycle upstream of the deaerator 


STATION (sy 


n shown that in controlling the corrosion ot a 
1 pH measurement, it is necessary that the 
ittributed wholly to the chem: 


It h iS be 
system by 


degree of alkalinity rise be 


cal add An illustration of this effect is shown in Fig 
ae) 

Che pH of the condensate was adjusted by a neutraliz 
ing amine to value of about 8.7 he quantity of 
umine added to the water was not checked by chemical 
means. With this manner of control, the iron content 
in the water increased from a value of less than 0.01 at 
the condenser to 0.09 at the inlet to the deaerator Phe 
quantity of amine was increased to obtain a pH of 9.0 at 


an immediate reduction of corrosion 


iron content at the inlet 


the condenser and 
was observed \s shown, the 
to the deaerator decreased from a value of 0.09 ppm to 
less than 0.03 ppm. Continued operation at the higher 
level of amine i further reduction of iron 
content in the condensate to less than 0.01 ppm. These 
data clearly show that the importance of the relationship 
of pH rise and the quantity of chemical in the feedwater 


feed resulted in 


cannot be overlooked by the operator 


STATION H 


A study of the corrosion pattern of a system employing 
the addition of hydrazine and ammonia is shown 1n Fig 
10. Itisevident that the degree of corrosion was reduced 
markedly when the addition of volatile alkaline chem 
cals was initiated in the cycle supplying feedwater to 
1250-psig unit 
STATION I 


Che effect of ammonia on the corrosion of copper sur 
PI 


faces has been widely discussed in the industry Phe 
results of our investigation have shown that the addition 
of this chemical in proper quantities results in a diminu 
tion of metal wastage of copper bearing surfaces 

Fig. 11 illustrates the effect of 


of a boiler operating above 2000 psig 


adding ammonia to a 


feedwater system 
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STATION | tem. It is not possible to estimate a true rate of 
ws corrosion of a feedwater cycle in the presence of 


"- > OXYGEN { fa larger quantities of oxygen 
— 002-0055 PT - ~ 
; ; ; ; Ammonia, in the pH range 8.5 to 9.5 noted in the 


field surveys, reduced the corrosion of copper 


? . 4 i J observations relative to testing are as follows 
‘ Ay 7 A- A 


rhe corrosion rate of a system can only be evalu 
ited from a concentrated sampling and analysis 
scheme at five or six points in the cycle Sam 
nles taken simultaneously, under controlled 
conditions, over a 24-hour run yields a more re 
liable trend than that obtained from a single 
weekly analysis taken for several months 

Samples taken for evidence of corrosion should be 


collected under an acid solution 


3 \mines possess filming properties and the pH cells 
Peeve & t must be cleaned frequently to obtain true values 
me S008 
ig. 1l—High copper attack he corrosion rate of ¢ ypper ind iron surfaces can be 


reduced to less than 0.01 ppm if a proper pH value ts 


maintained and the quantities of oxygen and acidic 


f reduction in copper attack was evi inhydrides are kept to an insignificant degree his con 


control due to ammonia was initiated dition is possible in a system where the makeup is treated 

occurred in the low-pressure heaters. to reduce corrosive components and added directly to a 
. pH control, the copper increased from eaerating heater or condenser. Low-pressure heater 
condenser to 0.125 at the outlet of the rips should not be added directly to the condensate sys 


heater. With a pH control due to tem [hese drains should be deaerated prior to thei 


pper dissolved in the condensate was ‘troduction into the water system \ slight modifica 


a the condenser and 0.07 ppm at the tion in existing design practice is mandatory if a system 
boiler feed pum] When the addition of ammonia was ow in corrosion potential is to be realized. Emphasis 
curtailed, an immediate increase in copper attack was must be placed on this requirement by the operating 
observed crew of power plant equipment in order to strike a proper 
he feedwater svsten balance of economy, efficiency and troubl 


oxygen content in e-lree operation 


t 
02 to 0.055 ppm Removal of the 


he system, to obtain a value of 0.01 py 
was accompanied by a further 
mia control wa 
eedwater was re 
The ution 
when a larger quantity 
feedwater in the presence 


; 


increased solution 


it must be recogniz 


ore pronoun 


of oxygen at this 


Summa rf Te 


obtained from the 
en hundred at ¢ 
es the need for coor 
ntrol to obtain a miniu 
mtrol alon 
rrosion in the pre-boiler cycl 


servations may e Tl 


Editor’s Note: 


value is due entirely lhe ( 


nd copper surf 
] ve f er it not ee) 
1 for adjustment « } nity imerican Power Conference in Re 
orrosion by the addition of a v , ty te with the other 
chemical 1s ineffective 
irbon <ioxide or sulfur 


toa portion 


IO N—May 1956 











20-year veterans—all— 


with Crane “‘one-cost” service records 


A CASE HISTORY — What better 
hedge could a power plant have 
against high maintenance costs? 

Call it foresight or sound buying 
practice, the Fort Bend Utilities 
Co., Sugar Land, Texas, knows the 
bigger value in quality steel valves. 
For 20 years now, these Crane 600- 
pound gates have been operating 
with no added cost beyond original 
investment, except for occasional 
repacking 


The valves are on a main header, 


CRAN E VALVES & FITTINGS 


KITCHENS « 
Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 


PIPE @ 


Since 1855 


§2 


with working pressure at 400 psi, 
750 deg. F. 

As a subsidiary of Imperial Sugar 
Co., the Fort Bend Utilities plant 
supplies steam to the neighboring 
Imperial Sugar refinery through the 
valve shown being operated. This 
8-in. Crane No. 76XR steel gate has 
to its credit 20 years of faithful once- 
a-week operation with the refinery’s 
weekend shutdowns. The other 
valves assure dependable steam 


control to units in the power plant. 


PLUMBING 


Service records like this result 
from internal valve quality. They 
begin with the greater care Crane 
gives to design, castings, heat treat- 
ing and machining. 

Don’t be misled by outside sim- 
ilarity to Crane 
steel valves. Get 
the facts from 
your local Crane 
Representative 
or by writing to 


address below. 
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Coal Minerals and Their Importance to 
Boiler Design and Operation—II 


By WILHELM GUMZ 
Dr.-Ing., F. Inst. F.* 


In the second of two articles by Dr. 
Gumz, he provides a report of research 
being conducted by the West German 
coal mining industry to investigate the 
behavior of coal minerals at the high tem- 
peratures encountered in boiler operation. 


The effect of silica compounds upon boiler 


fouling is discussed. 


of this article calls 
us of boiler surface 
this field 


and in Germany (2-3 


is outlined in Part I 
pproach to the probk 
Recently 

USA 


has been 
In Eng 
has taken 


main points being 


activity wu 


ler Availability Committee (4 
s toward a solution, the 


successful ste] 


cual selecti 1 mixture: not to exceed a chlorine con 


f 0.3 per cent in stoker-fired boiler or 0.5 


erized-coal-fired boilers \nother signifi 
eading of pulverized-coal firing itself 
power stations are only beginning to 
furnaces such as the cyclone 
on the 


the formation of silicon 


nperature 
1c emphasis was put volatiliza 
sulfides (6-8 
ces with wet and dry operated gas pri 


1 


ith cupolas 


+1 


ind on laboratory evi 
numerous analyses and miucroscopi 
ind particularly of the white inner 
substantial amounts of silica in 
identified The 
Detroit Edison Co. (13 
rather high percentage of 
this However, the 
nerals occurring in coals, and the many 
tion, lead to the statement that 1t is 
factor or reaction could be used 


posits, 
e been inalysis of 
h iS 


silica and 


deposits 1 Station, 
likewise 
could be interpreted in way (14 
complexity 
possibilities of rea 
unlikely that a single 

terpretation of a large variety of prac 


still i 
between par 


the silicon-sulfide theory it is 
erstand what the binder 
wall really is The 


ture but they also are 


sulfides themselves 
rather unstabk 
This 


lized before reaching the surface 
by the fact that good 


ure reduce the fouling 


mixing, 

iden y con 
it be that a reducing atmosphere is 
ind po 


sulfides to settle on the 


; producers ir mixing produce 


surfaces and 
I ] = 4 


; ! 


juestions have incited the Stein 


Iessen, a research organization of 
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the West German coal mining industry, to investigate the 
behavior of coal minerals at high temperatures (in the 
of coal of field 


from work 1S co 


to supplement current analyses 
Phis 
sponsored by the Ve reimgunyg der Grosskesselbesitzer, an 
there 


presence 


samples shutdown boilers 


large-boiler exist 


ittitude of 


organization of operators. It 
workers, 


one could say that this new approach is characterized by 


differences in the general research 
i preference to the mineralogical rather than the chemical 
aspect ol the problems 15 

Phis work (3 


of single minerals which are the major component of the 


has begun with the study of the behavior 


inorganic matter of coal and proceeded to the mixture of 


synthetic coal minerals” and ‘“‘pure’’ coal (extremely low 


ish coal, 0.4 per cent ash content) at various tempera 
heating ro have 
abk 


graphs and motion pictures, 


tures and rates of representative 
take photo 


i special resistor lurnace 


samples and to be to observe and to 


with horizontal corundum tube of 2-in. diameter, about 


20 in. long, was used \ temperature of 1900 C (3450 F 
is reached in the central part of the tube (Fig Phe 
sample in most cases is heaped loosely on a carborundum 
plate or boat and can be pushed into the furnace at the 
thu 
of heating in 
with thi 


imazing difference in the be 


proper simulating rapid heating—al 


though the 


temperature, 


rate i slag-tap furnace is not 


nearly reached However, ubstantial increase 


of heating rate, an already 


havior of the minerals was observed as compared to the 


commonly used conventional technical test method 


Re ull 


Among the many details of this work the following re 


sults of practical interest have been revealed: There is a 


substantial difference between low ind high rates of 


heating. Obviously at low rates the reactions take place 


in a series which depends upon the temperature reached, 


ind the reaction products are entrained separately 


+} 


Rapid heating brings all the reactants and products of 


reaction into close and instantaneous contact, including 











ma 











Fig. 2—SiO, mist forrnation at 1550 C (2822 F) 


ref which shows a white silica smoke discharged from 


id twtr product 


ind by tre 


tion products h 


the electr 
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1x¢ wit! 
Natili i 
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with eruptive 


side I ible 


force al 


oducts Con 


] 


id beginning 


t 155 


volatilization of silica sets in 


The silica has | 


by means 


| 
1! Slim 


f silicon mon 


of the 


ment with hydrofluoric 


i single frame of a film | colored photographs, sec 


een identified as the 


yxide im some cases 


f le ctronic micros ope 


icid The 


sublima 


been caught directly by the slides 
icrOscope Diameters of 0 to O 
determined The residua ple 
esilicification 
| a. A 
, ‘ 
7* } 
} 
— : 
80) & : 
yws the results with a variety mineral 
r cent coal the t perature where 
lica observed as smog mati beg! 
lentifi in the residue re liste I 
rb. ind/or sulfur latil iti 
te tart t 1 cr s1cer ble rate 
Sif Fe is formed Pyrite 
l pparently favors the reacti 
lone, whereas addition of sulfur was 
Che temperature of 1) ¢ ss I 
ritical \ seco! riti tag 
\ IS4 I where the esict! tl 
igh l ly corundu is left the 
I sappeared The slag 1 full 
t be as « pletel esilicified be 
shorter time of reacti SI 
I ce w ll bot t« 18 
tl the flame Pherefore 
f sti yast rei 1 
Cor , 
tory tests it may be concluded tl 


is required to volatilize the 
e and that the « 


factor The resi 


netite 


oncentration 


Lue is a sili 
wr hercynite 


| 
i Sf) 
‘| 
1 
; . 
ite giass 


ibustion 


eco 
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temperature 


These results den 
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with diameter 
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ucroscopiK 


but may show 


r deformation 


l 1 extre 

U.2 1CT 
Deposit fort 
these fine part: 


It is suppose 


from the spherical shape are due 


tion of alkali « 


which may 


pheres I 


hoped that 


ht will 


new li 


’ 
uso anti 


to avoid prem 
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work, although 
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The Flow of Compressible Fluids 


By W. A. ROSTAFINSKI 
Gibbs & Hill, Inc. 


Appropriately subtitled the ‘‘not-always- 
remembered’’ principles and data, this 
article considers two cases of fluid flow 
commonly encountered in industrial prac- 
tice. One is concerned with the variation 
of fluid temperature when steam or air 
flows in a perfectly insulated pipe, while 
the other deals with the expansion of 
steam or air in an insulated horizontal 


pipe. 


problems of flow of compressible fluids 
easily solved by application of approxi 
lae and require no special consideration 
es can be solved by using nomographs or 
Special cases, however, are usually 


ers, who, by education and traiming are 


Ive more complex situations. Unfor 
re some problems which are apparently 
\s a result many 


t actually the case 


problems on the basis of fundamental 


ing we shall consider two cases which 


isinterpre ted 


of the temperature of steam or air 


with periectly insulated, 


1 horizontal pipe 


Iriction in a 


expansion of steam or air if allowed 


vith friction in a perfectly insulated, 


horizontal pipe 


t intended to detern 
the state of a fluid i 
the phenomena 


rmulae given will be 


UID IN Mo 


well as turbulent flow, is always 
friction In the 
luid molecules anc 


t flow 


first case there is fri 


1 between the strean 
vdditior 


Che turbulen has in 


currents To overco1 


ne these fri 


echanical energy must be expended 


h friction will result in a pressure drop, 


on” of potential energy of the 


rgy will increase and there will 


which increases the instantaneous 
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temperature of the fluid. Also, it results in an imecrease 
of entropy of the system thus producing an irreversible 


transformation 


FRICTIONLESS FLOW AND THROTTLING 


Let us consider first a theoretical flow involving a per 

undergoing a ition and 
with no heat exchange to the surroundings Phe 
itv of the fluid is assumed to be, 


applications, well below the sonic limit 


fect gas frictionless transform 
veloc 


as in normal industrial 


\s it is known, a frictionless and adiabatic flow is isen 


tropic and is represented on the T-S diagram (Fig. | 
by a 
does not exist but is very nearly obtainable in 
ing nozzle At poimt 


the fluid has a certain speed which is higher than the 


vertical line In practice such a transformation 
1 converg 
downstream side of the nozzle 


initial velocity at point | The expansion results in a 
sharp temperature drop and in the increase in the kinetic 
energy of the gas 

\s for a typical throttling process, it 1s represented on 
mere 1 no 


ras but the 


horizontal line 
of the 


restricted opening in the pip 


the same diagram by a 
change in temperature and in velocity 
through the results 
in a definite pressure drop 
bigger 
of the 
in the section of the 

The two + 
throttling, are the 
sible 


CaM 


flow 


In order to accommodate a 


volume of expanded gas on the downstream side 


there must be a positive chang 


throttling orifice, 


pipe 


ises mentioned, the isentropic flow and 


extremes of an infinite number of po 


transitormations Let us ee now the 


mstant 


expansion 


of flow in onduit 


i pipe, 1.e., m a ce ectuiol 


\DIABATIC FLOW IN PIPE (WITH FRICTION 


When 


speciii 
| 1.1 


of its 
of the 


i perfect gas expands, the rate of increase 


volume is greater than the rate of decr 


THROTTLING 





ENTROPK 


s 





Fig. |1—Temperature-entropy diagram 
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TEMP VELOCITY 
F FT/SEC. 
1927 | | T “: a 
468 7 | 
| 1926 ; - - - 
467 
1925 +——+ + 
| | 
466 - 
| 1924 t t : t 
| | | 
465- | | 
| | | 
| 1923-44 +4 t | 
| V Y 
4644 | | aaa | | 
1922F- ~TEMPERATURE ——— 
| | 
463- | | 
| | 
i921 ee oe 
462 | | 
1920! ee ee ee ee ee 
18) 100 200 300 400 
INITIAL VELOCITY FT/SEC 
Fig. 2—Flow in nozzles and pipes 
nit elocit and th r nd tem rature a ' f 
temperature \ir and superheated steam follow this tical consequences in regard to the above as to follows 
rule Vith some gases however, hydrogen for example, First, because of the presence of the coefficient of me 
the reverse is tru The expansion is accompanied with chanical equivalent of heat, / = 778 ft lb per Btu, on the 


in increase of temperature of hydrogen. This rule is 


valid in a wide of temperatures and pressures en 
countered in normal industrial practice 
Going back to the problem of flow in pipes and what 


steady 


range 


previously stated, it is obvious that a 
pipe 


i greater velocity at 


has been 


constant section implies a 
and 


he general energy equation, ap 


mass flow in a 
of fluid at 
a lower pressure {/ 
plicable to any possible flow transformation (no external 


rate ol 


velocity pressure p 


work done) reads as follows 


As our flow is adiabatic and as pipe is horizontal Q 0, 


Z 0, the 


main formula reduces to 


\K MH 


/ ‘ \7 i 


c, being a constant if temperature differential is small 

As the left hand side of (his ecuation is a positive value, 
the right hand side must also be a positive value Thus 
7. must be smaller than 7 At the limit conditions 
T: T, (throttling) but never can the final temperature 
exceed the initial temperature 

Thus, for a 


superheated steam, 


t berteci ga 1s air or 


beriect gas or an aimos! gas a 


the expansion occurring during flow in 
the pipe resulls in a drop of temperature. This holds true 
whether friction is or is not involved 


rhere are few peculiarities to be noted regarding prac 


56 





left hand side of the energy equation, an appreciable in 


crease in velocity will result in only a small decrease of 
the temperature of the expanding gas For instance, a 
velocity increase from 100 ft per sec to 200 it per sec 


corre sponds to 


‘ir 0.24 temperature drop ¢ g 


is temperature lrop lt leg 


but an increase from 500 ft per sec to 600 ft per sec will 
result in a drop equal to 
)1 deg! 
tear 8 deg lI 
Second, as in industry, velocities above 250 ft per se 
are unusual, tt is absolutely satisfactory to consider an 
idiabatic flow with friction as isothermal, unless the 


pipe is very long or a rigorous scientific approach to the 


problem is desired 


Il How much will air or sieam expand if allowed to flow 
th friction, in a perfectly insulated and horizontal pipe? 
Chis problem is somewhat related to the first one Phe 

same initial conditions are considered, and therefore the 


same basic formula can be used 

lo begin with, it must be stated that 
what is often thought—the critical pressure p 
0.53 of the initial pressure p, for air and 0.55 of p; for 
steam, does not pertain to this problem. The critical 
pressure mentioned is valid in the case of nozzles and 


contrary to 
; equal to 


short tubes and with an isentropic flow in a conduit of 
variable In the case considered of the flow in a 
long pipe we cannot neglect fluid friction and its effect 
Also the fact of 


section 
1 constant sec 


on the process of flow 
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tion of pipe cannot be overlooked. It is therefore the final pressure of the fluid (corresponding to limiting 
necessary to establish some new laws of transformation. velocity and temperature), it will be much lower in the 
Chere is one common point in cases involving nozzles case of the pipe than it is in the case of the nozzle. This 
nd pipes: the limit of expansion is reached when fluid is so because of friction. There is a constant loss in 
ittains the sonic velocity. In a converging conduit and _ kinetic energy of the fluid because of the heat equivalent 
in a constant section pipe this velocity cannot be exceeded. of friction work. As a result of this loss, when the gas 
\lso, it is an impossibility for a fluid to acquire a steady _ flows in a long pipe, it will have a larger pressure drop 
flow with such a speed. This very critical velocity is than the gas in the case of the isentropic flow in a nozzle 
merely a limit for flow in the converging and in the This isso in order to maintain the acceleration of the fluid 
constant section conduits. Also, this velocity is essen- necessary to reach the sonic velocity 
tially transitory when a gas flows through a converging As an illustration of the foregoing, a pressure drop in a 
diverging nozzle long pipe has been calculated Also a curve of corre 
It must be noted that in flow calculations within a sponding temperature evolution has been established 
nozzle the initial velocity usually is assumed to be zero Ihe data are as follows: the fluid is superheated steam 
Chis condition is of course very nearly true as the nozzle 160 psia, 600 F, and is assumed to be a perfect gas. The 
may be connected to a tank of a section several times pipe is 4 in.—Schedule 40; the friction coefficient is 
bigger than the throat of the nozzle. Ina pipe, however, assumed to be constant since in practice it will vary only 
which has the same flow section from one end to the © slightly with decreasing temperature. The initial ve 
ther and on which the intake conditions usually have locity of steam is assumed to be 120 ft per sec, 160 ft per 
no bearing on the flow process, the initial velocity is as sec, or 200 ft per sec Che pressure drop is shown as a 
important a parameter as is the initial pressure and _ function of the length of the pipe. The temperature 
temperature of the gas variation is expressed in terms of temperature differen 
Should however an equation for flow in a converging tial. As calculated, the final temperature of steam in all 
nozzle be established with the initial velocity of fluidas three cases (and consequently the sonic velocity) 1s the 
1 parameter, it will be found that the critical speed same to a tenth of a degree \n isentropic expansion in 
sonic) and the critical temperature formulas are identical 1 nozzle (length 0 ft.) is also shown on the same 
with those which result from considerations pertaining to graph (Fig. 3 © 
i long pipe Fig. 2 shows curves for a particular case Summing up, it may be stated that in a /ong pipe a free 
indicating the influence of initial speed on absolute value expansion can reach any magnitude depending on the in 
peed and the corresponding temperature tial conditions of the fluid and physical dimensions of the 
It n be seen that this influence is negligible and that Di pe 
the assumption of zero initial velocity for nozzles 1s Che formulas which have been used to determine the 
iustified \lso, it must be noted, the final temperature curves in Figs. 2 and 3 can be found in manuals or can 
that the fluid will reach, whether it flows isentropically be readily established from conventional thermodynamu 


in a nozzle or with friction in a pipe, is the same \sfor equations 


120 FT/SEC 


£ 


a 


“\200 FT/SEC 
. 


\ 


200 FT se0\ 


160 FT/SEC \120 Ft/sec 


\ 


STEAM PRESS. i160 PSia ; 
STEAM TEMP. 600F 
VELOCITY. aS SHOWN 
4-INCH SCH. 40 PIPE 
PRESSURE 
TEMPERATURE 


TEMPERATURE DIFFERENTIAL 


SONIC LIMIT 
24 6 8 WOW 2 4 6 16 20 22 24 26 2 30 
LENGTH OF PIPE x 100 FT 


Fig. 3—Pressure drop and temperature differential as a function of pipe length 
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The industry’s 
most experienced 
organization 

in dust, fume and 
fly ash recovery 


Because the Western Precipitation Corporation 
stands alone in its years of continuous 

, d ™ . . - . » . . 
ieadership in the complex science of recovering 
suspensions from industrial gases, Western 
Precipitation installations, quite naturally, are 
recognized throughout the world 


88 seer 8 your telephone! as the best obtainable. 








> ae 
















































































B Almost a half-century ago— 
in 1907 to be exact—Western 
Precipitation installed the first 
commercial application of the 
now-famous Cottrell Electrical 
Precipitator—and has more 
know-how, more varied experi- 
ence and application back- 
ground in world-wide installa- 
tions in this type of equipment 
than any other organization, 
domestic or foreign. 


@ Many years ago Western 
Precipation was first again with 
the multiple small-diameter 
tube type of cyclonic collector 
—the type with higher centrifu- 
gal forces for greater recovery 
efficiencies. And through the 
years, Western Precipitation 
engineers have continuously 
led in new advancements, new 
refinements in the mechanical 
recovery field as well as in e/ec- 
trical recovery methods. 


@ Western Precipation was the 
first to combine Electrical and 
Mechanical recovery advantages 
in one compact, coordinated 
system—the CMP (Combination 
Multiclone—Precipitator) Unit. 
This equipment, offering almost 
constant collection efficiency 
despite varying gas volume, re- 
quires years of experience in 
both electrical and mechanical 
recovery methods for proper 
operating ‘‘balance’’. 


. only Western Precipitation has had such 


extensive experience in basic recovery methods ! 


* 


These are only a few of the many important reasons why a Western Precipita 
tion installation is recognized as the best obtainable. This unequalled know-how 
is quickly available throughout the major industrial areas of the United States 
and Canada from strategically-located, fully-staffed offices and field representa 
tives, as shown at right. There's one as near as your telephone 
So before you finalize any dust, fume or fly ash recovery plans, be sure to find For literature describing Western Precipitation’s 
unique background of experience and advance 


2 advantages offered by Western Precipitation Corporation! 
ments, phone, wire or write our nearest office 


out the vital ex 


Cp 


Western Precipitation Corporation 


Designers and Manufacturers of Equipment for Collection of Suspended Material from Gases 
and Equipment for the Process Industries 


Main Offices: 1022 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
Chrysler Building, New York 17 « 1 North La Salle Street Building, Chicago 2 « Oliver Building, 
Pittsburgh 22 « 3252 Peachtree Road N. E., Atlanta 5 * Hobart Building, San Francisco 4 
Precipitation Company of Canada Ltd _ Dominion Square Building. Montreal 
Representatives in all principal cities 
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American Power Conference in 
Review—IlI 


AST month's issue of COMBUSTION carried the major 
of the American Power Conference papers 
be of value to the readers of this magazine. 
however, so many that in the interest of 


portion 
held to 
There were 
space the complete meeting report was divided into two 
parts and the following was held over for this issue 


Nuclear Energy 


Iwo sessions were scheduled for reports on the in 
ortant development of nuclear energy for 


and 


creasingly 1my 


power purposes ‘Yne was an session 


evening 


papers treating the broader aspects of the sub 


featured | 
ject The second meeting confined itself to specific 
reactor programs now in their early stages 
W. Kenneth Davis, U. S. Atomix 
the first with 
t in Nuclear Power 
portance and the urgency of the Commis 
1amely to achieve economic utilization of 


1 industrial purposes both in the United 


Energy Commission, 
The Role of 
Development and 


his paper 
I 


opened session 
Governme! 
stressed the 
} tj 


sion 
nuclear power f 
States and abroad. Reactor experiments are a key part 
hey be 


responsi 


of the ¢ ssion’s development program 


leve that industry should assume the 
bility for making the 


iddition to 1 iding the major part of the technology, 


primary 
commercial applications, but in 


the Government must provide some financial assistance 


to industry at least in connection with some prototype or 
the AEC 


velopment program 


demonstration plants which consider as part 


of the overall de 


Francis K. McCune, General 
spe iking I The Role of 


Developr I pointed 


Electric Company 
Nuclear 
study ol 


Industry in Power 
that in the 


Most of this early work 


out 20's, 
atomic theory became popular 
itional people. 
ber of research-minded industrial organizations became 
otential of the field. The 


endeavor, just as free 


was done by edu A few years later, a num 


interested in the ] research they 


did was crentific as mathe 


For 


experiments 


free 


ibout 20 years, papers were read 


discussed, and nuclear 


were 
researchet! lked to other nuclear researchers 
When the military implications wer 
War Department set up the Manhattan 
trict on | is to turn these laboratory 
fact that at 
Congress placed the 


recognized, the 
Dis 


theories into 


Engineer 


reality At the war’s end, the yme energy 


existed nger a secret 
directi itional atom 
civilian hat by the Atomic Energy 

ernment still held a 


iuthorized the 


energy program into 
Act of 1946. Al 
on the busi 
Atom 


rivate com 
| 


mo} opoly 
formed 


newly 


ion to operate through | 
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search in Nucl ower Development 
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problems, 
The 
four major areas of technological investigation are (1 
fuel 


in the traditional engineering fields but the 


themselves, are concerned with the untraditional 
nuclear physics characteristics of the reactor; (2 
element performance; (3) heat extraction systems; and 

1) steam generation 

In addition to these principal areas, there are impor 
tant although less crucial portions such as control and 
safety systems, instrumentation, handling devices, and 
other associated operations necessary for the adequate 
functioning of an atomic power plant rhe engineering 
solution to all of these problems is intimately affected by 
the radioactivity which is a concomitant of any nuclear 
process and which plagues the designer with a set of con 
ditions which must be met in order to protect operating 
personnel and the public at large The domain of nuclear 
physics, while important and fundamental, is only a fra 


tion of the total set of problems 


Charles J. Haugh, The Travelers Insurance Company, 
paper, “Insurance of Nuclear Power 
related wholly to insurance of power reactors 


stressed that his 
Plants 
Insurance problems arise in connection with power re 
actors because they are inherently much more dangerou 
than a conventional steam generating plant 
The capital stock companies, which write 


have taken Steps to create a 


property 


insurance, syndicate to a 


capacity ef 50 million dollars for each separate reactor 


installation which will afford insurance on reactors against 


the conventional perils of fire, extended coverage vanda 


lism and mischief, and sprinkler leakage ind, in addi 


tion, will afford physical property damage coverage for 


the perils of nuclear energy, including damage as a result 


of ‘‘melt down,’ or an uncontrolled ‘incident ind as a 


decon 


result of contamination, including the expense of 


tamination and debris removal, as well as disposal. Such 


coverage will be limited to buildings, machinery, equip 


ment and supplies, including the insured’s liability for 
nuclear fuel 
The subject of lability most diffi 


cult problem for both the insured and the insurance con 


insurance poses thi 
pany amount re 
quired is established by the value of the property. How 
hability umount re 


i question of judgment 


In the case of property insurance, the 
ever, in the case of insurance, the 
quired is purely of determining 
the likelihood of there being an 

held liable for injuries to persons and d 


excursion’; of being 
image to property 
of others resulting therefrom; and whether such ‘‘excur 
is likely to 


ire propitious or ac 


sion occur when meteorological condition 


vers 


Alf Kolflat, Sargent & well-detailed 

Special Engineering Features in Design oi 

Water Reactor Plant Phi 

particular boiling water reactor was developed by the 

Dr. W. H. Zinn 

ind has a strong appeal to many engineers on 
Py 


\tomn« 


Lundy, gave 


paper on 


Experimental Boiling 


Argonne National Laboratory under 


supervision 
account of its simplicity At the Meeting in 
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Geneva last Summer, a number of papers were presented 
by different members of the Argonne National Labora 
tory’s staff describing this reactor as well as other research 

This paper outlined the general engineering features 
characteristic for this plant as compared to a standard 
fuel-fired power plant 
were briefly described as was the plant arrangement. 
Then the author spent considerable time in giving a 
general description of the following equipment—treactor, 
steam separator, turbine generator, condensing system, 
feedwater pumps, filters, pressure 
bypass control valve, piping and valves, air drying-fluid 
recovery system, water treating equipment, reactor puri 
fication system, start-up heater, shut-down cooling, boron 
In each instance he emphasized what 


The steam and condensate cycle 


feedwater reactor 


injection system 
was different from normal power plant practice 


“The Westinghouse Testing Reactor’ presented by 
E. T. Morris, Westinghouse Electric Corp., when placed 
in operation during mid-summer 1957, will provide a 
facility for irradiation experiments within the range of 
6.4 X 10" to7 X 10 rhe 
power output of the reactor will be a maximum of 20 
megawatts with S85 F A total 
of 2600 linear inches of various diameter space plus an 


* neutrons per cm* per sec 


secondary cooling water 


diameter beam hole will be ava:lable 

Mr. Morris described the site, the plant plan, much of 
the layouts of the various buildings on the site, the reac 
tor, pressure He then went 
into detail on both system and reactor operation. 

The reactor will be shut down on a regular schedule 
once a month to reload fuel and to change experiments 


‘-1n 


vessel, core and controls 


Experimental changes will not be permitted between 
shutdown periods other than rabbit tube experiments 
Careful coordination will be accomplished during the 
shutdown period between the fuel loading and experi 
mental loading, and it is planned to have each fuel ele 
ment in every position and each experiment cataloged in 
reactivity prior to insertion in the reactor. The reactiv 
ity worth determination will be accomplished by means 
of critical experiments he design of these test facili 
ties and of the fuel element are such that fuel element 
loading and unloading can be provided in minimum time 


without dusturbing any of the experimental setups 


The study of the use of nuclear reactors for commercial 
power generation has now progressed to the point where 
there is general recognition of many of the problems in 
volved in the construction of these plants. So, W. Z. 
Friend, International Nickel Co., took a look at one of 
these in his paper ‘Corrosion Problems in Nuclear Reac 
tor Power Stations’ with the emphasis on construction 
materials employed in reactor vessels, piping, fuel assem 
bly supports, core-drive mechanisms, shields and heat 
exchangers 

rhe selection of materials of construction for a particu 
lar system usually is arrived at by combined evaluation 
of corrosion resistance, phy sical and mechanical proper 
ties, cross-section, fuel requirement, size and cost, and 
may be somewhat different for each reactor design. In 
large power reactor systems, the main objective as in 
most other commercial enterprises, is to obtain maximum 
efficiency at the lowest cost. Generally speaking, for the 


common structural materials such as carbon and alloy 
steels, stainless steels and high nickel alloys, radiation 
exposure results in an increase in ultimate strength, yield 
strength and hardness with some loss in ductility. The 
effect appears to be similar to that in cold working 

The nature and quantity of corrosion products formed 
in the reactor and primary coolant system can have a 
considerable effect upon operation of the system. Part 
of these corrosion products normally will be removed 
from the metal surface under the velocity condition exist 
ing and will be circulated either dissolved or entrained as 
particles in the coolant. In passing through the reactor 
core they will become radioactive and transmit this activ 
ity to parts of the system on which they may deposit 
Such deposits must be avoided in parts such as the heat 
exchanger-boilers in the pressurized water system, which 
are outside the reactor shielding, and must be kept at a 
minimum in the boiling water reactor 

But when considering the use of stainless steels two 
other forms of attack which are in some respects some 
what peculiar to these alloys and which are generally 
not revealed by the type of tests described above 
corrosion and stress corrosion cracking—must 
thought. These problems are 
Mr. Friend and, in addition, the expected behavior of 


crevice 
be given discussed by 
other metals and alloys for nuclear applications 

In much the same vein the author discusses the mate 
rial difficulties with boiling water reactors, liquid metal 


cooled designs and homogeneous reactors 


Water Treatment 


Supplementing two earlier reports, W. B. Gurney pre 
sented a paper entitled “Two Years ‘ yperation of a Two 
sed Deionization Plant at Gulf States Utilities Com 
pany Deionized water delivers 100 per cent makeup 
to three 1500 psig boilers, each rated at 560,000 Ib per hr 
Using this method of water treatment the plant has been 
in service for over two years, operating continuously in 
excess of base load without capacity loss 

Some difficulties were experienced because of the pres 
ence of organic matter due in part to oil leaks into the 
system. Additional study is being made to prevent such 
leakage and to eliminate organic matter from persisting 
Mr. Gurney presented considerable information on the 
details of starting and operating demineralizing units 
and on the performance of resins during operation 


Naval 


U.S 


In a paper entitled “Corrosion Problems of 
Steam Power Plants,’ Robert C. Adams of the 
Naval Engineering Experiment Station outlined some of 
the difficulties encountered in the use of boilers, evapora 
tors and stills. With respect to fireside deposits on 
boilers he pointed out that soot deposits are the most 
prevalent inthe Navy. When soot blowers are not main 
tained properly and condensate is permitted to leak 
from them into the furnace, serious two-bend corrosion 
may occur 

Moist soot is extremely corrosive because of the sulfur 
oxides which it contains, and when close packed around 
tube-ends it eats away the outer metal surface until tubes 
fail. This has been found most severe in boilers of re 
serve ships whose furnaces were hastily and incompletely 


cleaned during inactivation. A ship which had com 
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pleted a useful life of 40,000 steaming hours still had 


tubes of the original dimensions and a new appearance. 
Tom R. Day, Jr., and Allen W. None- 
Coagulation 
the main 
with hot process softeners is to have 


According 
maker, who 
Key to Hot 
ope rating pr 
chemical re 
floc that will le 


presented a paper entitled 
ne-Soda Softener Operation, 


is complete as possible and to obtain a 
in the sedimentation tank, thus reduc 

[he authors 
experience 


the following stages 


ing the 


formed lowing conclusions based on 


hive years 

perator must be prepared to take advan 
coagulants and coagulant aids 
must study the 


ind make every effort to reduce to 


the operator mechanical 


is plant 
turbances due to mechanical effects 
he operator will see occasional unexpecte 
hese may be incompatibility of some of the 


ils 


of a Pressurized Water Nuclear Power 


Plant \ Review of Two Years Operating Experience 
by Irving H. Welinsky and Paul Cohen of Westinghous 
Electric (¢ ind James M. Seamon of National 


Aluminat presented an interesting comparison 


r nuclear and conventional steam power 


ondary system, comprising steam gen 


mdensers and feedwater systems, is 


as for conventional plants 


itions in water technology result 


from the presence of nuclear radiation 


unong others, the following 


radiation will either decompose most 


' 


he water or cause them to become radio 


severely limiting the use of additives for 


or other purposes 


may increase the tendency of fuel el 


with system corrosion products 


radiation will cause dissolved hydrogen 


recombine, thereby providing a ‘‘built-in 


I This can be a two-edged sword, how 
uclear radiation will produce oxygen by 
he hydrogen concentration is too low 


induced re 


the pH of the primary water 


ictions of dissolved gases 


1 


Silica Removal 


Babcock & Wilcox Company pre 
elopment of Steam Washers 
of steam 


washers were 


E. E. Coulter « 
paper enti 1 ‘Der 


which the theory 


sented 
for Silica Ret il’’ in washing 
1 tl ment of efficient steam dis 


washing is an absorption process by 
silica is absorbed from ste 

ery similar to the various 

by the chemical and petroleum 

fer of silica takes place when the rats 


twr 17 


nt eff 
cribed an apparatu 


100.000 Ib per hr 


of the Dow 
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Chemical Co. Steam was taken directly from the steam 
drum of one of the boilers and passed through small 
washer models to enable the determination of the capac 
ity and efficiency under actual conditions 
Boiler feedwater was used as washed water, and orifices 


operating 


were provided for measuring steam and wash water flow 
rates, which were manually controlled 
and 


Scale Tests 


A companion entitled “‘Full 
Operational Performance of Steam Washers 
sented by Lester G. Friedle of Dow Chemical Company 
A washer made up of perforated trays was installed in 
March 1955 in one of the 400,000 Ib per hr boilers at the 
Midland, Mich., rests that the 
desirable water is 25,000 Ib per hr or 


paper 
was pre 


plant showed most 
ibout 

The 
use of a constant boiler wash-water rate results in greater 
load than would be 
realized 1f wash-water rate were decreased in proportion 
to boiler load During the from March to 
1955 it was reported that the silica in the steam 


wash rate 


six per cent of the feedwater rate at boiler rating 
silica removal at part conditions 
period 
\ugust 
entering the washer averaged about 0.045 ppm and the 
silica content of the washed steam was less than 
At the 


with a wire-mesh washer in which a stainless steel pack 


iverage 


0.015 ppm same time testing was proceeding 


was substituted for the perforated tray Che pilot plant 
tests had shown that the silica reduction obtained with 
the wire-mesh washer is approximately 8 per cent higher 
it full load and 25 per cent higher at half load than that 
washer 


produced by the perforated tray 


Gas Turbines 


Performance and 
Design of Steam-Gas Turbine Plants’ John W. 


Mann, Jr., of the General Electric Company provided 
with a combined 


In a paper entitled ‘“Thermodynami 


Power 


design information for steam-gas cycles 
15,000 kw For this 
driven by a turbine, 


rating of combination the com 


supplies pressurized 
All combustion take 
generated at am 
High-ten pera 
boiler and are 


The 


generator 


pre Sssor, gas 
air at about 70 psig to the boiler 
ind steam can he 


place in the boiler, 


conventional pressure and temperature 
pressurized gases pass through the 


turbine 


ture 


through the gas powe! 


drives the 


expanded 


} 


developed ind i 


are cooled to normal 


compre ssor 


Gases discharged from the turbine 


temperature levels by through an economizer 


passing 
and a stack gas cooler 


The 


7.4 per 


ement ol 


author showed a combined cycle improv 


cent in comparison to a conventional oil-fired 


steam cycle at 1250 psig, 950 F, 1.5 in. Hg 


(5a lurbines for Peak Load Generation on a I 


System™’ by W. D. Marsh and C. M. Wright, of 


General Electric Co., described the types ol gas 


ing 
Utility 
turbine 
For this service 


best suited for peak load application 


T 
' 
characteristics, in 

installed cost, 


tand-by 


portance, ire 


labor cost 


order ol 
low operating 


| | 
cost and iow maintenance 


low 
outstanding characteristi of the ga 
flexibility of 


meet the 


evcle arrangement 


ent ola 


xtreme 
best require! 


Cycle 
eTv\ Vary ill the way 


which can be made to 


irticular situation iwrangements in successful 


from the simpk cle single 
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shaft to the cross compound, intercooled, reheat, regen- 
erative cycle. Efficiencies are in general comparable to 
the complexity of the cycle and range from about 18 per 
cent to 30 per cent thermal efficiency based on the higher 
heating value of oil fuel 


A progress report on the coal-fired locomotive gas 
turbine was presented by Peter R. Broadley and William 
M. Meyer of the Locomotive Development Committee 
of Bituminous Coal Research, Inc., in a paper entitled 
“High Load Testing of the Coal-Fired Gas Turbine.”’ 
In the 1955 Test Program, the L.D.C.-Alco gas turbine 
test plant accumulated 1421 hours of coal-fired operation 
in 83 days. Some 4,111,400 hp hrs were generated at an 
average load of 2894 hp (81.7 per cent load factor) and 
2250 tons of bituminous coal were burned. No lubricat- 
ing oil was added during the 1955 tests. The value of 
this coal, including railroad handling charges and 1955 
mine wage increases, was $11,300. Locomotive diesel 
engines doing the same job would burn about 256,000 
gallons of fuel oil. Allowing 6 per cent of the fuel cost 
for the lubricating oil, total cost would be $28,745. 


Boiler Pump Drives 


Ben Ragland, Richard D. O’Neil and Richard C. 
Habicht, American Blower Corp., collaborated in pre 


senting the paper ‘Fluid Drive Evolution Leads to Main 





UNEXPECTED 
BOILER TUBE 
FAILURES 


STOP 


This completely new and improved model TURNER SCALE 


THICKNESS INDICATOR not only reads scale directly in 
thousandths of an inch, it is invaluable in locoting pitted and 
eroded tubes prior to their failure, thus eliminating costly shut- 


downs. Write for technical data and information today 


HASKINS-TURNER COMPANY 
1617 THIRD STREET JACKSON, MICHIGAN 


Turbine Drive for World's Largest Full-Sized Feed 
Pump."’ They presented as their basic premise that the 
real, back-breaking job immediately ahead in preparing 
for the anticipated heavy increase in the nation’s electri 
generating capacity is to build more and larger conven 
tional generation plants. But since the expansion will 
have to be an unprecedentedly large one the authors 
recommend a study of the power plants’ charted designs 
and the basic components involved. The stage could be 
set the. for a so-called NEMA standard specification for 
the equipment. 

In pursuing the recommended study for the boiler 
feed pump now grown to the size where it takes the 
largest single segment of invested power of all plant 
auxiliaries, the paper traces the evolution of the pump 
in six stages—the twenties, the late thirties, post war, 
the late forties, the early fifties, recent and presently 
proposed. The post war stage saw the advent of the 
3600 rpm motor drive employing hydraulic coupling, a 
combination which has proved highly reliable. At the 
Astoria Station of Consolidated Edison Co. of N. Y 
Unit No. 3, a 300,000 kw turbine generator, carries this 
idea still further. It will drive from its shaft through an 
adjustable speed hydraulic coupling the 3510 rpm, 
11,000 hp overall, 5-stage, 6330 gpm, main feed pump 
serving the unit’s boiler, a 2,400,000 lb per hr design. 

The authors elaborated in their conclusion on the 
application of hydraulic couplings and electric motor 
drives to various power plant size categories and ex 
pressed the conviction that a standardized pump and 
drive offers economics that merit deep study 





FUELS ENGINEER 


to work in 


CHATTANOOGA, TENNESSEE 


Combustion Engineering offers an excellent oppor 
tunity to an engineer or technical graduate having a 
thorough knowledge of fuel technology, including the 
processes of gasification and carbonization of coal. Fa 
miliarity with the properties of special fuels such as 
lignite, fluid coke, char, etc. is desirable.} 


The man selected for this position will be responsible 
for research and development relative to the burning of 
fossil fuels and will supervise the fuels testing laboratory 
work. He will also deal with such related prcblems as 
slag deposits and metal wastage 


Combustion is a long established leader in the power 
field with a background of nearly three-quarters of a 
century in fuel burning and steam generation. It of 
fers a broad and liberal program of employee benefits 
—medical, insurance, retirement, etc. Of its seven 
lomestic manufacturing divisions, Chattanooga is the 
largest and is the site of its principal laboratories 
Chattanooga is also a pleasant place to live and offers 
a wide variety of sport and recreational facilities 


1// communications held in strict confidence 


Send complete resumé lo Personne! Department! 


COMBUSTION ENGINEERING, INC. 


200 Madison Avenu 
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Coal-handling features swing-boom conveyor, Siamese 
tractors to permit use of outdoor live storage in a bunker pile 


Swing-boom conveyor permits a 25,000-ton, 60-ft bunker pile 
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Burlington Station 
Public Service Electric 
and Gas Company 
of New Jersey 


With the completion in 1955 of the new 200, 
000-kw turbine generator unit pictured on 
these pages at the Burlington Station, Publi 
Service increased its system capacity to 
2,104,300 kw. This added capacity is needed to 
keep pace with the increasing demands of the 
rapidly growing Delaware Valley section ot 
New Jersey The company plans, however, 
additional expansion in the form of two new 
generating stations—-Linden and _ Bergen 
Linden Generating Station is already under 
construction and the planning for Berger 
started late in 1955 When these last two 
stations are on the line Public Service's seven 
stations will have an effective generating 


1 
u 


capacity of approximately 5,000,00 Kw 


Bulldozing can supply coal to bunker pile 
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Heat balance diagram of steam and feedwater system show arrange- 
ment that will produce an 8700 Btu per kwhr heat rate 


Centralized control room employs panelled components Worthington boiler feed pumps employ Ameri- 
compactly arranged in a curved console can Blower hydraulic couplings 


Siamese Caterpillar tractor gives flexibility Westinghouse 200,000-kw tandem compound turbine generator 
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Clear, Continuous Records without 
Poisoning ...on the New Bailey Recorder 











% Faithful chart records of measured variables are the key to a meaningful, depend- 
able analysis of operating trends and conditions. Money spent for more accurate 
metering, for faster response, is money down the drain—unless it’s matched with 


chart records that are equally accurate. 
That's why these features of the new Bailey Recorder are important to you: 


l. Bailey's exclusive sealed capillary-action inking system maintains continuous flow 
to the pen tip, and traces sharp, opaque. quick-drying records. “Poisoning” of inter- 
secting records is practically eliminated: no blots or smears during operation or 
chart changing. 

2. Pens are mounted on concentric centers, trace on parallel time arcs only 42/1000” 
apart. This simplifies analysis of two or more records. 

3. Interchangeable plug-in receiver units permit practically limitless record-grouping 


combinations 


Write for Product Specification E.12-5 and actual chart sample. 





ONLY BAILEY OFFERS ALL THESE 
ADVANTAGES IN A SINGLE RECORDER 


© Pre-catibrated plug-in receiver units 
©@ Up to four pneumatic or electronic receivers 


cycle expansion o alteration 


— or twe receivers and two integrotors és for 
Any fou variables on one chart—ecasily v 
read and interpreted 1025 IVANHOE ROAD ATURE 

A full year's ink supply at one loading PRE t 
Faster shipment—trom stock 

Minimum inventory of parts 

Minimum instrument investment for process 





May 1956-—COMBUSTION 





Summary of Experience and Opinions 
on the Use of Austenitic Stainless 


Steels in Steam Power Piping 
By HELMUT THIELSCH 


Metallurgical Engineer, Grinnell Company, Inc. 


This summary is based on service and It must be recognized, however, that there have been 

: g many jomts shown no t 
research laboratory experience plus the i great m ny joints which have ioOwn 1 widency 
agS f : 1 ‘ a toward cracking. Consequently, it is felt by almost all 
opinions of various metallurgists an iuthorities in the United States that for service teinpera 


engineers dealing with austenitic stainless tures of 1100 F and over, the austenitic stainless steel 


steels used in steam power service. represent the best available piping material. In fact, 
some authorities feel that austenitic stainless steels ar 


the more practical fo im service even at temperatures 
of 1050 I 


miperature steam acking 

mstructed of stainless l re 
ice about eight vear Cieacs [wo mechanisms seem to be responsible for the heat 
¥ it , = 4A s <i} Tit 

difficulties have been encountered fected zone cracking |) Some kind of metallurgical 
bbiai ica V I Bat ALAli i ul 

welded and in subsequently erectec 

Che service temperature service at temperatures of the order of 1050 F and over, 

Vie mm rAatt '. 


ik 


change occurs in the heat-affected zone, which, afte 


ng systems 


1 Tes Its if Ss 1S b 1 i nN Ww 
netracted to date have been 1050 esults in a serious embrittlement (1.e., er\ iro 


brittle zone) in a plane parallel to the weld \ stress 
i level of significant magnitude must be present to cause 
either 


Sones +i 4 rigs ion rupture of the embrittled are Phe gr level threshold 


necessary to cause cracking, of course, depends upon the 
relative degree of embrittlement in the critical plane in 
the heat-affected zone The more severe the degree ol 


embrittlement the lower will be the stress level necessary 


cracks were pri bably presen : 
: to cause cracking 


ion prior to placing the piping 
1 Le may 
illy, the acks m have been , 
] . } cCTAackK i\ é - Pip, und Wa T) 
may not have been detected 
service these cracks re likely section size obviously ha i bearing upol th 
ore visible size stress level. Since the internal stresses across a weld tend 
these cracks is primarily related t to increase with restraint, it 1s generally recognized that 


1es and materials. Thev can usually be the susceptibility to cracking increases with the diameter 
least, minimized by employing proper ind wall thickness of piping 

ues, procedures and materials. This has Cracking seems to have been most pronounced in piy 

lequately in various other publications ing of outer diameters of about 10 in. and wall thickness« 

liscussed hers ot in. and over. However, piping of outer diameter 

of 6 to Sin. used in wall thicknesses from about */, in. uy 

Zone Cra f to about | in. has also experienced a significant number 


, - , of cracking failures The incidence of cracking ha 
cracking generally was noted 
' , , iried from plant to plant. Bulky heavy forged fitting 
nths of service at the elevated tempera 


illustrates the direction of the cracking 


have been particularly susceptible to this heat-affected 


4 ‘ ZO TACKING 
elt the weld deposit 


tresses in stainless steel pipe joints tend 


higher along the O.D. than the I.D 
t all cases has originated at the outside Metallographic investigations under the microscope 
hese tensile stresses are primarily the have not led any indicatior is to the causes of the 
welding stresses and longitudinal bend embrittlement 

iffected zone cracks were m The photomicrograph in Fig. 2 of an area contaiming 


were initially placed int cracking illustrates that the cracking follow long the 


the cracking did occur in both shoy ‘rain boundars« In this embrittled zone entially 


me weaker than in the adjacent unaffe 


However, there were few cases where para 


liel to the weld the grain boundaries 


it the inside wall surfa 


COMBUSTION—May 1956 











Fig. 1—Enlarged cross-section of heat-affected zone area 

perpendicular to pipe surface containing crack. Crack is 

parallel to weld deposit which is visible at right side of 
photograph. (Magnification 35 x) 


Physical metallurgists, however, have suggested that 
the embrittlement may be related to the hot-short' char 
wteristics exhibited by austenitic stainless steels It 


may also be further affected by precipitation of a britth 


sigma-type phase’ which occurs at service 
1050 and 1700 F 


that 


temperatures 


between approximately 


Several investigators have shown successively 


higher temperatures above 1600 F tend to increase the 


umount of (delta) ferrite formed \ maximum amount 
of ferrite has been observed at about |1SOO to 2250 F, the 
ictual temperature irying with the steel composition 
ind exposure time The amount of ferrite decreases 
iwain at temperatures exceeding the SO0 to 2250 I 


maximum. Since it is recognized that the ferrite phase 
stainless steels is more susceptible to sigma 
itself, it is 


formed 


in austeniti 
than the 
that ui i 


formation 1ustenitic matrix con 


ceivabl ferrite network should be 


iround the austenitic grains, subsequent sigma formation 
during reduce significantly the cohesive 
strength of the affected area in the steel. Since the pl ine 
of the heat-affected zone exhibiting the cracking tendency 
is heated by the 
1600 to 
several factors mentioned 

(Another possible mechanism occurring may be 


SeTvice nay 


welding operation to approximately 


1800 F some relation may exist between the 


related 
to the effects of the high welding stresses. Upon compk 


tion of welding as the weld cools the resulting shrinkag« 


in the residual stresses across the weld 


causes an increast 
and heat-affected zone. In the heat-affected zone imme 
diately adjacent to the weld the stresses will be relieved 
Hiot-shortness defined a rittiene : rally : 
films of impurite and metallic mater “ are reser t 
boundaries and : tain ten ratur ange r < fica t 
hesive strength of the mater Austenit ain . ra ar 
sidered t t short in the temperature range tween 1400 a si 
* The sigma phase dex es a very brittle } which t 
im many staimiless ste on prolonged . at te eta ‘ 
TOO PF, the eff erat : : 


approximately 1000 ar 


with each respec 
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Fig. 2—Photomicrograph illustrating crack progression 

along grain boundaries in heat-affected zone. The metal- 

lurgical specimen was etched to bring out the normal 
grain boundary structure. (Magnification 100) 


by recrystallization until the area has cooled to tem 


perature somewhere below 1S00 F However, at some 


listance from the weld a zone will exist where this stress 
results in a 


ind cold 


formation i 


relief recrystallization does not occur and 


condition of maximum stress. Since stresses 


deformation) tend to 
slightly larger potential amount of residual ferrite may 


promote lerrite 


form in this zone more than on either side 
Verification of these theories will have to await very 


thorough laboratory studies including metallography 


mucrospectroscopy, etc 


Eflrect of Steel Composition 


from heat to 


Ihe susceptibility to cracking will vary 
h heat of steel 


heat and may even vary within the 


Sane 
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Fig. 3—Close-up 


illustrating the inert-gas tungsten-arc 
welding 


f the root pass in 12-in. O.D., 2-in. wall stainless 
steel piping 


tw 


unless steel one w 


zone CTac ku gy 
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respective 
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ing susceptibility is an inherent charac 


rticular base metal. Ordinary chemi 


lifferentiate between these materials 
tenitic stainless steel piping systems now 
United 
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s steel 
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g troubles 


two new projected un presently 
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bricated Type rit iinless 
that the Type 316 
heat 


grades Fur 
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ess susceptible to the iffected zone 


[Type 347 il conclusior 
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il years of service 


results of sever 


gs seem to be far susceptible t 
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Fig. 4—Appearance of partially welded root pass illustrating 
the location of consumable insert ring 


yivel 
nstructi« 
types other than s I to determine 


susceptibility piping 


experimental test leg 
] iterial 


xtreme! 


cracking s occurred 11 


urprising in view of the « 


10 ma‘ e been of unusually 


eems likely that centrifugally « 
more susceptible to the heat 
forged piping. On the other h 


' large 


ulected 

ind mice 
iries of the column 
ir to the pipe 


to the weld 











with reference to location of pipe in relation to ingot, 
soaking and heat treatments, reduction in forging, pier 
ing or rolling operations, et« 

In Germany a 16 Cr, 13 Ni, Cb, stainless steel has been 
used in a steam power piping system since November 
1951. Although the service temperatures have been 
1130 F, the 2'/2- to 3*/,-in. outer diameters and '/»- to * 
in. wall thicknesses of the piping have been relatively small 
in comparison to power plants in the United States. The 
stress level in the pipe joints, therefore, is likely to be 
considerably This may explain why no heat 
iffected zone cracking had been reported to date. The 
somewhat lower chromium content of 16 per cent may 
ilso have had beneficial effect in suppressing possible 


less 


sigma formation and/or hot-shortness 


I fect of 


Welding Procedure 


Normally austenitic stainless steels are welded without 
preheating and postheating 

Since it is recognized that a relativ ely high stress level 
in the joimt is to cause cracking in the em 
brittled plane in the heat-affected zone, it was felt that 
preheating to temperatures as high as 1000 F and stress 
relieving at 1350 F might be beneficial. However, a 
greater amount of cracking was encountered in welds 


necessary 


made by this procedure than in welds placed in service 


in the “as-welded” condition (no preheat and stress 
relief 
Some authorities feel that no conclusive advantages 


can be ascribed to a postweld solution heat treatment at 
1900 to 2000 F and/or carefully controlled preheat and 
interpass temperature procedures prior to and during 
welding. On the other hand there is some service evi 
dence available indicating that the postweld solution heat 
treatment is definitely beneficial Some authorities 
favor also preheating, whereas others insist that preheat 
ing or postheating shall not be donc 
Where advantages of the 1900 to 
treatment have been indicated, they may have been duc 
to the 
which are at 
O.D. of the pipe as well as certain metallurgical changes 
It is possible that these beneficial effects of postheating 
other 


changes such as the formation of additional ferrite along 


2000 F posthe it 


relief of the residual welding (tensile) stresses 


i maximum in the weld area around the 


ire counteracted by undesirable metallurgical 


the grain boundaries mentioned earlier. The respective 
favorable and detrimental action of these opposing effects 
is likely to 
of the base metal, grain size and the postheating cvcle 
of the 


vary with composition, prior thermal history 


his may explain some existing confusion 


I fos y ; ; 
Mitects o i i \ietai Compo on 


Chere indication that weld metal ductility has 
i significant bearing upon the cracking in the base metal 
heat-affected zone It is believed that weld deposits 


i relatively high hot-ductility will reduce the 


iS Sone 


exhibiting 


stress level across the joint and, consequently, the sus 


ceptibility to the heat-affected zone cracking 
high stress 


Weld 


metal exhibits relatively 
hot-ductility 


weld 


[ype S47 


rupture values and relatively low 


deposits containing 16 Cr, 8 Ni, 2 Mo have exhibited 
lower stress-rupture characteristics and higher hot 
ductilities. Pipe joints made with the 16 Cr, 8 Ni, 2 Mo 


showing a very much higher resistance t 


ne cracking 


electrodes are 
the heat-affected 
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Efe ts or 


Joint Design 


To date only very little attention has been directed 
toward the effects of joint designs. Some tests, however, 
have shown that joint design can have a significant effect 


upon the susceptibility to the heat-affected zone cracking 
Conclusion 


As stated above the austenitic stainless steels produced 
commercially are still generally believed te be the most 
suitable for steam plant service at temperatures exceed 
ing 1100 F. Where the proper care is employed in the 
design of the piping system and in the selection of the 
welding materials, joint designs, welding procedures and 
inspection the susceptibility to this cracking will very 
likely be eliminated or, at least, be reduced to an insig 
nificant degree. Laboratory and tests now in 
progress on piping fabricated under various conditions 
minimizing the various 


setvice 


show considerable 


factors tending to support cracking 


promise 1n 





H. G. Ebdon Elected to Executive 
V. P. of Combustion Engineering 


H. G. Ebdon, vice president and general sales manager 
of Combustion Engineering, Inc., has been named execu 
tive vice president by the Board of Directors 

Mr. Ebdon joined the company in 1917 and since 1925 


has served successively as manager the Proposition 
Department, sales engineer, assistant general sales 
manager and general sales manager In 1950, he was 
elected a vice president. He is a member of the American 


Society of Mechanical Engineers and the Engineers Club 


of New York 
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Possibilities for Developing Economic Small Power 


Reactors 
By LOUIS H. RODDIS Deputy Director, Atomic Energy Commission 


In determining the costs for conven average plant We used figures for 

tional power plants, our people relied new plants——-plants with low heat rates 

heavily on the American Public Power the ability to produce more electricit\ 
| 


ther I nor anyon \ssociation’s third annual survey for from a pound of coai because nuclear 


good answer today figures for small plants and on the U.S plants must compete with these, not 
tivel one needs Federal Power Commission! for statis with the average 

ibout the biggest tics on large plants. In selecting from We arbitrarily took 3 ears as the 
been concerned ‘rvice life for stear plants and 


nts Hence, the 


today, namely these sources, we hav 
life expectancy of with new plants rather than with the 15 vears for pla 


redictions made 


f electricity ro QUALITY 
widely CONTROLLED 


of illus at a fraction of 


oT elec 


quite mean Distillation Cost rr 
5 in dollar 
i I ( capacit / 
imagine that all fuel , = e . e 
maintenance costs tor . / o 
F the plant are paid 4 omineéranzere 
truction costs at the ‘ 
int operation You Bie Less than 
time, total-cost aj Industry's finest selection of Mono-Bed 


POE SE 1/2 m 
entionally omtted and Two-Bed Systems. . . . Indivi- I Ae 


ae ae, ee dually designed to the 
requirements of your raw 
water supply. Our Engineers 
are at your disposal, to discuss 
your problem . .. Survey 
your requirements... — 
Prepare recommendations P — 
and estimates. | E 1/10 ppm 
sg Si 0, 


1 by such an 


WRITE TODAY 
for 
COMPLETE 
DETAILS 
or 
Send for 


FREE 
Bulletin DM-4 


boa 


SOFTENERS 
DEMINERALIZERS 
FILTERS 
LIME TREATMENT 
DEAERATING HEATERS 
ZEOLITES 
RESINS 








L * A WATER SOFTENER COMPANY 


1007 Air Way, Glendale 1, California 
REPRESENTATIVES IN PRINCIPAL CITIES 
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LEAR POWER PLAN costs of these plants near the 
which they will be allowable in 


petitive installation and that the biggest 

Consolidation Edisort 2 WO 4 Ov rat onifrans 1S n th on of operating 

LCommonweaith I 3 : * 1 ‘ 

Vankee Atomic Electr 4 57 Of course, only actual operator 

Power Reactor De t t 4 . y 
ee oa a , ned of nuclear plants will determine their 

Consumers Pub 

Shippingport Pre 

RC 792 . r 7 realit 

City of Orland I 2 ) 5) ‘oo 

Rural Cooperative Power tior 22 ! = ver 281 Hence it is most imp 

City of Holyoke along with th 

City of Piqua, Oh 

Wolverine Electrix operative 57 ve ating of some 

Chugach Electric Associat ix 7 . = ' $5 . 

Sodium Reactor Experiment ‘ 7 Ove equally 

Experimenta Boiling Wate 
ARC ‘ 

Homogeneou ac Kperiment K¢ 150 45 mecentive to do a g od, efficient 

University f } } Wher 

Army Package Powe t ! , ) ret ver mexpensive joo Wher 


operating costs with any 


before the builders and opera 


cerned with econ 


: wild he retained 
diesel figure meclucde the first cost of estimates of nuc lear costs that we have 1d be retained 


two plant Further, it was assumed today for both large and small plants 
that after these lifetimes, the plants are Here is where my $220 and $960 low 
kept on the system for peak load pur and high figures for las and 

poses during which extended period plants come from 

they would operate ! load As for the cor 

factor Thirt so often ; \ 5, their 

sumed to 


! 
hi 


nuclear plat is probabl ood pon wo important fact 


an estimate ! should | orne in mind. One is th 

imed considerabl lowe! h lav not bee 
than worms assumed Thi W n't completec 
belie ve ; justifiable from two stand 

irst the load factor gi 
Association urve ure 
cent for steam plants and 

per cent for diesel plants of all 
Second, the recent McKinney ne] Lest carry this i 0 1S sion process 
report to the jomt Committee of cussion too 1) | t wil! t ‘ la! water 
Congress on Atomic Energy makes an more comparison 1 i ) It 1s interesting 
excellent case for taking 50 per cent for nuclear plants are merel mated igh and lou 
for the average load factor over the they are susceptible oO some gt | able are for | 
life of a plant and shows this to be alidit On the other hand, operatin This illustrates 
realistic for a plant that starts life on a costs, which depend 
base load of 85 per cent or better element life Mu s depend: mportant in « 

Interest was neglected in spite of the indeed, the are 111 speculative erson doing the estimating 
fact that, as all of you know who have This is why I ha not and will not Five other pressurized water reacto 
1. One thi 
jleted in 


e 
You can figure interest at whatever It seems to me that m plant s the first Army Package Power R 


bought a house over a long period of make operating cost estimates of nuclear ure building or proyectec 
time, financing costs are not negligibk plants at this time scheduled to be comy 


you will have to pay However, in development is now bringing being built for the Government 
our conventional-nuclear comparison 
financing costs operate to the disad rABLE 1f—CONVENTIONAL PLANT COS ER KILOWATT O} 
vantage of the more expensive first 
cost nuclear plants 
Now let us look at some of the best 





What’s the low-down on blow-down? 


The whole story will probably surprise you. It pay its way in a matter of months. To get all 


is true, for example, that about 90°, of all the eye-opening facts send a card, letter or 
boiler blow-down today is still hit-or-miss wire to The Madden Corp., 1543 W. Morse 
It’s also true that equipment to do the job dve., Chicago 26, Iil., and ask for “Blow- 


right can save enough wasted heat units to down Low-down.” 
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Products, Inc 

of 2000 elec 

1 prototype of a 
tallation as in the 
tary, it is much closer 


central station than 


‘o of 
a license to 


250.000-kw 


2 4 - p. 
\ unique feature en. a ee 
~ 1 


000 kw oi ! : = 
— ’ ; | J Cain 
= Fg Sipe 


600 T. P. H. Coal Handling Installation at Astoria Station, 
Consolidated Edison Company of New York, Inc 


—CONVEYING SYSTEMS FOR EVERY PURPOSE— 


Sy-Co CORPORATION 


P. O. BOX 388 LYNDHURST, N. J. 
GEneva 8-2737 


) bubbles 
fuel plates that the 


luced when it should 











the load require 


io ee Modern Design jw 


1s the possible 
<= MODERN COAL 
condenser 
equipment 


The Fairmont Coal Bureau has made available to consulting engi 
neers and equipment manufacturers a TYPICAL DESIGN for the 
small industrial «team plant. Prepared as a guide to good engineer 
ing it achieves maximum economy of investment and engincering 


costs, while featuring 


@ Fuel flexibility 
@ High efficiency 


betweer ? 5x44 a ae | @ Low fuel costs 
It would yy mi | 
@ Minimum lebor requirements 


@ Cleanliness, Automaticity, 
Reliability 


Fairmont Pitteburch Seam Coal is the MODERN COAT Enormous reserves and 
inherently favorable mining conditions guarantee ample supply and low production 


cost. Modern mining and preparation facilities assure uniform quality 


Fairmont Coal Bureau engineers are freely available to help you solve fuel and 
combustion problem-« Write for technical Reference Bulletins and other valuable 


publications 


FAIRMONT COAL BUREAU 


Dept. DC, 122 East 42nd St., New York 17, N. Y. 
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by radiation is being reduced bv the on the fuel solution in the core and the 
use of uranium in the form of powder rest of the primary system. Cons 
metallurgy illoys Cranium oxide quently, steam temperature and pres 
UO) 1s also being used instead of the sure are restricted 
metal inself in some reactors including : iets 
the first full-scale plant at Shipping Heavy Water 
port The heavy water reactor not re 
Homogeneous reactor designers art ceived much attention in this countr q 
following a basically different approach as a power producer. We have had con 
et us screen hey, in effect, say in order to get rid siderable experience with it, however, as 
of fuel element problems, let's get rid 1 production reactor at Savannah River 
of the fuel elements. In homogeneous As a power reactor it is receiving much 
out your reactors the fuel, coolant, and modera attention in Canada and on the conti 
tor are intimately mixed. In aqueous nent of Europe. It is rather interesting 
homogeneous reactors, this mixture that its position there is in part due to 
BT 7 is accomplished in a water solution the tremendous heavy water productior 
. There are no fuel elements to deter capacity of the U. S. which has broug 
iorate indeed, none has to be fabri the price of hea water down to $28 
cated. Chemical processing is simpli per pound 
fied. Further, aqueous homogeneous It is this price f course, that make 
reactors have excellent control chara hea water less attractive than esser 
teristics from both safet ind power tiall free, light (natural) water 
demand standpoints. Control rods ar most power plants leak a substantial 
not necessary The possibilit ot cor mount i water vapor int the at 
tinous rem il of fission products, man phere in the course f a da There 
4% which are neutron absorbers, make ire, however i ages to the 
the reactor attractive as a breeder using se ea wate mefly that of 
uranium-233 as fuel and thorium as the ing the use of natural uranium 
fertile material than enriched material he interest 
On the other hand, there are new f foreig untries in this type is a 
The coal sizing screen you see problems, chief of which is the highl most entirely associated with this fea 
above is only one of the many corrosive nature of the uranium-bearing ture 
screens at each of our Enos and olution. Furthermore, like pressurized Basically, at f the light (natural 
Enoco tipples. These screens are water reactors, aqueous homogeneous water reactor types could be used wit! 
important to you for they elimi- reactors must maintait — ee hea vater with modifications to take 
nate unnecessary Bru waste. -™ the leakage problems and differ 
; , ent reactor properties hus, pressur 
No coal can give you 100% ized, boiling xr homogeneous t . are 
efhiciency. But with a properly and possible in several variations. Tank 
uniformly sized coal you'll utilize ind tube desig i variety of « 
a higher percentage of Btu con- ints have been proposed Cool” mod 


tent. This more efficient com- 






Boiler Accessories erator designs are preferred to “hot 





bustion means lower steam costs 
for you. 

At our Enos and Enoco Mines, 
washing, sizing, surge bins and 
size blending are all coordinated 
to give you a coal tailored to your 
particular stoker requirements. 
We guarantee that each shipment 
will be of the same uniform size- 
consist and high quality. We claim ~ 
that with exactly sized Enos and Inclined Water Gage 
Enoco coals you'll reduce Btu 
waste for lower fuel costs. 





Why not give us a call today? 
Let us prove that superior prepa- 
ration of quality Enos coals gives 
you lower steam costs. AA 


nee 
a "ty 





Place a trial order 


. 
. 


saase* 





_ tay, 


Make a test comparison 


nee o* 


THE ENOS COAL MINING COMPANY Standard vertical bronze Send f c j LD has inst illatior ills for de Sign ar 
; en or atalog 


Sales Offices for Enos and Enoco Coals water gage, 350 pound construction by the Foster-Wheeler 


1405 Merchants Bank Bldg. - indianapolis 4, Indiana ERNST WATER COLUMN & GAGE CO. Corp. and ts another indication of the 
$10 South Michigan Avense =+ © Chicage 4, [Minets Livingston, N. J. efforts to seek out a number of solutior 
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SUPER *3000 


Refractory 
Bonding 
Cement 


"© cise ras comet 


SUPER #3000 


® For Setting Fire Brick stands hot abrasive gases 


Strongest, most abrasion-resistant 


® On Induced Draft 


at low, medium and high tempera- 
Fan Casings 


tures to 3000° F. 
Volume-stable; does not shrink Where formerly repairs required 
or crack. heavy steel plates, now a Super 
Makes tight joints that prevent #3000) coating provides safe protec- 
passage of gases into furnace walls, “om against fly ash. 
Used as a wash coat, it protects the 
firebrick against erosion © On Boiler Tubes 
By painting the tubes (in the see- 


° On Inside Duct Lining ond and fourth pass of the boiler ) 


4 34” thick layer over insulation with a thin mix of Super #3000, pro- 


provides long-life lining that with- tection is provided against erosion. 


Super #3000, the truly all-purpose, ready-mixed bonding mor- 
tar that has proved its superiority on thousands of tough jobs, 
challenges your investigation. Let us send you a drum for test 


REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 WALL STREET © NEW YORK 5, N. Y 
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UNDER A BLANKET 


or dust... 


ils 2% 


Your plant and equipment suffers . . . your 
community goodwill fades away. These problems 
can be solved. Prat-Daniel Collectors are 
designed for the control of industrial dusts 
and flyash. Multiple small diameter tubes 
provide powerful centrifugal forces, 
resulting in sustained high collection efficiency 

. . even with ultra-fine dusts. 





Whether the problem is industrial dust 
or flyash, you are assured of satisfaction with 
P-D Collector Systems, engineered to meet 
your specific needs. 

Write for Reprint No. 102 titled, 
“‘What Type Collector?”’ 


ZPD 


Project Engineers 


THE THERMIX CORPORATION 


GREEN WICH, CONN 





Offices in 38 Principal Cities) 
Conedien Affilictes, T. C. CHOWN, LTD., Montreo! 25, Que 


ps a ‘ 
- 


PRAT-DANIEL CORPORATION 
SOUTH NORWALK, CONN 
POWER DIVISION: Tubular Dust Collectors, Forced Draft Fans, Air Preheaters. induced Draft Fans, Fan Stacks 
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LIVINGSTON, N. J 
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FOR ——— 
WANT OF 
A NAIL... 


Something that wasn’t there 
once cost a king his life. 


For today’s boiler, lack of internal protective surfacing 
is hardly a life or death matter. Yet consulting engi- 
neers ... insurance underwriters . .. power plant oper- 
ators increasingly specify, recommend, and purchase 
Apexior Number 1 for tube and drum coating. Why? 


Because the yardstick of return on investment proves 
Apexior’s unique service now pays off at the highest 
rate ever... for modern boiler design and operation 
today permit a single Apexior application to deliver 
maximum protection not only for a normally antici- 
pated five years, but for one — three — sometimes 


even five years more! 


And because Apexiorizing is now a one-coat procedure, 
former material and labor estimates are halved. Pro- 
tection that can last twice as long today costs half as 
much ...a trifling pennies-per-square-foot premium 
to insure full return on a major capital investment. 


Like the legendary nail, boiler protective coating may 
seem a factor of small significance — yet it can mean 
the difference between acceptable performance and the 
best of which the modern boiler is capable. The assur- 
ance every inspection gives that tubes and drums are 
functioning at new-metal peak efficiency is the measure 
of Apexior’s service in maintaining highest steam pro- 
duction reliability and quality — a contribution meas- 
ured ultimately in profit dollars. 


Internal boiler protection is but one phase of Dampney 
corrosion-control activity. Dampney Coating Systems 
for specified end-use service protect cooling towers — 
intake water structures — pipeline interiors. For a 
recommendation to meet your requirements, write 


tHE 

MAINTENANCE 

FOR METAL 
7 c ° Lal Ld A N y 


HYDE PARK. BOSTON 36. MASSACHUSETTS 
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without | I 
er, when a ete 
ill provide $ 
ACLiILie iva ible 
ind government for such researc] 
ames John D. Constance has established 
seveicaasisoele the Constance Professional Engineers 
L Guidance Consulting Service. Thi 
~eTvice refiectS over ten years peri 
ence preparing candidates for the pr 
fessional engineers license 
Ohio Valley Electric Corp. 
yassed the half-wa point in the 
ringing 1 ervice acililies tft 
supply the tr wer require 
T t t the At I erg \ 
mission's Por 1 O ‘ 
The two sta 1} heir le 
ear 1 , will « t I 
wer | il c eT ult private 
Acquisition | Walworth Co. 
the assets and business of Alloy Steel 
Products Co., Inc., of Linden, N. ] 
ne of the leading manufa 
~ € 1, P 
a , ‘ ' 
d Tk ed 1eT i r 
f Aloyco, was recently announced 
National Valve and Manufacturing 
Co., fabricators and erectors of power 
lant and industrial piping, are 1 
eing represented in the New England 
listrict by Power Equipment Sales, 
Inc., of Bostor This change beca 
. ° ee ee copings 
pump life increase—5 to 1 ceasioned by the retirement of M 
(; | vt il it ] +1 ‘ 1 ul ; ‘ , 
. . . t] ‘ | ist thirtes I ‘ | 
eee pipe life increase-—3 to | The Atomic Energy Commission i 
inviting prot tor 1 eve 
ent. desie nstruction, and oper 
Pumping 300 tons of ash per day at a large midwestern power tion in the U. 5., its territories 
plant, pump shells of alloy steel were averaging only six months : re sedate fe gi 
life. Then pump shells were sper ified in ABK Metal—a nickel- ities, to der 1¢ 
chrome iron alloy of controlled structure with outstanding PS ee ee eee 
abrasion resistance. Installed im 1945, these pumps gave 31 sale canecialiy directed. to anck 
months of service and handled 140,000 tons of ash... a pump power plants with capacities 
life increase of over 400 ~d , 
In the same installation white iron pipe was formerly used losing date for 


Februar ’ 


in the ash pipe line... lasted no more than 2'4 years. ABK pipe, : : — ; 
pi pil Westinghouse Electric Corp. 


installed in 1945, is still in service in many parts of the line...a nnounced that new assignmen ave 
pipe life increase of over 300%. - ms -' — inte 
Ve et 
For economical handling of your wet or dry ash specify ABK mye - ‘ 
Metal pump casings and impellers. pipes. elbows and fittings, which will have a treme 1S 
I I I I 
t he ( \ 
liners, injector nozzles and similar equipment ont" 
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230 Park Avenue, New York 17, N.Y. 
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REVERSE FLOW by C. H. WHEELER 





Cleans Steam Condenser Tube Sheets 
Without Loss of Load 


When debris and organic growth collect 
on the tube sheets of a C. H. Wheeler 
Patented Reverse Flow Steam Con- 
denser, you don’t have to shut it down 
for cleaning. It cleans itseif—without 
loss of load. Sluice gates arranged 
within the condenser may be controlled, 
either electrically or hydraulically, to 
reverse the flow of cooling water through 
the tubes. This sudden reverse flow 
literally flushes away leaves and debris, 
dislodges crustaceous matter from 
clogged tubes 


Because of 100 water flow during 
back flushing, there is only a negligible 
dip in vacuum momentarily, thus per- 
mitting continuous load on the turbine 
The Reverse Flow Condenser cleans 
itself in minutes, compared with hours 
of downtime when tube sheets are 
manually cleaned. A typical report 
shows a half-inch loss of vacuum (due 
to fouled tubes and tube sheets) was 
restored in five minutes after reversing 
the flow of cooling water. Often, a 
C.H. Wheeler Reverse Flow Condenser 
goes two years or more without shut 
down for cleaning, depending on the 
condition of the cooling water 


New, exclusive deaerating features and 
construction techniques help make 
C.H. Wheeler Steam Condensers “First 
in Efficiency Let C. H. Wheeler 
Custom Engineer your next steam con 
denser. Phone or write C. H. Wheeler 
Manufacturing Co., 19th & Lehigh, 
Philadelphia 32, Pa Manufacturers 
of Steam Power Plant Condensers 
¢ Vacuum Equipment ¢ Marine Auxil 
iary Machinery * Water Supply, Drain- 
age and Circulating Pumps 
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HOW "REVERSE FLOW” WORKS 


Left Side Shows Normal Operation Right Side Shows Reverse Flow 

Water enters inlet A with right port Sluice gates move on a common stem 

open. Flows through tube bank C to rear Water flows up through channel B. and 
condenser returns through tube through tube bank D to rear of con 

ank D to front of condenser and dis denser returns through tube bank C 

harges at la to front of condenser 


In the C. H. Wheeler Divided Water Box Design, each 
half of the condenser can be back-flushed independently 
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HEATING SYSTEM 


depends on 
RICHARDSON COAL SCALES 


On 24-hour duty at McGuire Air Base, Wrightstown, New Jersey, 
four Richardson H-39 Coal Scales ...capable of handling up to 


80 tons of coal per hour... contribute their substantial part to 


2roviding heat for 75 key buildings in a huge new heating system. 


And checking on coal consumption is a simple matter. Each 
scale has a capacity of 200 Ibs. and, during operation, the total 
amount of coal weighed hour after hour is registered on a 
direct-connected counter. Hold-ups in flow of coal to the 
boiler are eliminated by a simple gravity-operated by-pass 
mechanism in the feeder. Added protection is provided in locat- 
ing all electrical equipment outside the coal chamber, insuring 
completely fault-free performance 

This reliance on Richardson equipment in a vital function is 
repeated time afd again in power installations throughout the 
country. Send tor H-39 Coal Scale Bulletin =0352A for the 
reasons behind this confidence 


RICHARDSON SCALE COMPANY, Clifton, N. J. 
Atlanta ¢ Boston + Buffalo * Chicago * Cincinnati + Detroit * Houston * Memphis 
Minneapolis * New York « Omoho « Philadelphia « Pittsburgh * Sen Froncisco * Wichite 
Montreal + Toronto * Havena * Mexico City * San Juan 
Richardson Scales $.A., 1-3 Rue de Chantepovulet, Geneva, Switzerland 
Richardson Scole Co. Lid., 40-42 George Street, Nottingham, England @ 26 
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Tiny currents guard boiler safety 
You can operate alarms, fuel cut-out, start 
and stop pumps safely and accurately with 


Reliance 
Levalarms’® 


Now you can protect any boiler, from 
lowest pressures to 2500 psi, with a com- 
pletely electrical fast-acting alarm system 
and other controls. Actuated by a tiny 
current — 25 milliamperes or less — re- 
lays pick up signals through the opening 
or closing of isolated electrode circuits 
installed on or in the boiler water col- 
umn. Levalarms are unaffected by pres- ‘A 
Sure, temperature or water conditions. _ 


levclarm 


1 
o-~ levolarm SASS 


EAI7 or EAIS 


Low alarm or high alarm or both, fuel cut-out, 
and starting and stopping of pumps thus are 
affected with the speed of electricity within a 
small fraction of an inch change of the boiler 
water level at predetermined safety points. 


The simplest of four Levalarm models, shown 
above, is a fuel cut-out on a water column. 
Other variations are for higher pressures and 
wider variation of control combinations. For 
the full story about these new Levalarms, write 


for Bulletin D2. 
The Reliance Gauge Column Company 


5902 Carnegie Ave Cleveland 3, Ohio 


Reliance EA15 Levalarm 
adds safety as a fuel cut- 
out on the Babcock & 
Wilcox FM boilers sup- 
plying steam for the 
“Texas Tower” off the 
Atlantic coast. 
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2,281,623 cu. ff. of air 
handled S&S ‘by CLARAGE in 


New York's now Coliseum 


f , 
\ ——~ ...enough fo fill a train 


Every minute / 45 


Ke 


“sai of boxcars 5-; miles long 


One of the biggest air handling assignments on 

record — and Clarage all the way! 
For the Coliseum’s colossal requirements, 75 Clarage Fans, 
24 Unicoil Sprayed Coil Units, and 14 Multitherm 
Conditioning Units were selected. This 


choice, we feel, is an outstanding tribute to the worth 























of our equipment. Obviously, in a structure of 
this type, there could be no compromise with quality 


Only the finest could qualify 





Make sure your investment in air handling and 


conditioning is a profitable one. Investi 


We; 


' ie gate the equipment we have perfected for 
i, 7 every type of application 
Ti. CLARAGE FAN CO., Kalamazoo, Michigan 


OWNER — Triborough Bridge & Tunne! Authority 
ARCHITECT — Leon and Lionel Levy 
MECHANICAL ENGINEER — Guy 8. Ponere 
STRUCTURAL ENGINEER — Dr. Jocobd Feld 
GENERAL CONTRACTOR — Woalsh-Fuller-Siattery 
HEATING, VENTILATING AND AIR CONDITIONING 
CONTRACTOR — Almirall & Co., Inc 

































... dependable equipment for 






making air your servant 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Conodo Fons, Lid., 4285 Richelieu St., Montreal 
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ALS: 
GETTING on ae FUNOAMENT 


Efficient BOILER CLEANING 
tarts at the BLOWER NOZZLE 


Photograph of section 
through Diamond 


ford 
| 
bad 


“Type A’ Nozzle 
IMPROVED 
DIAMOND 


see Sea ih = The blower nozzle has the job of converting steam or air 


¥ 


TE ee 


pressure into velocity which, in turn, produces impact pressure 
at the surface to be cleaned. Effective cleaning depends on 


this impact pressure. A well-designed nozzle will convert 
much more efficiently...doing a better cleaning job with 
less steam or air 

During the past several years Diamond has conducted in 
tensive research into nozzle design to find the ultimate in 
efficiency. (More than 50 designs were tested.) It was soon 
found that nozzle design responds to perfection of detail 
Among the details studied were: (1) divergence angle of 
nozzle, (2) inlet radius as a function of throat diameter, 


\ (3) length-diameter ratio of nozzle, (4) area ratio of lance 
to nozzle throat, and (5) nozzle approach conditions. A product 
of this research is our new “Type A” Nozzle for Model IK 


Blowers. The curves at the left show how much more efficient 


RANGE ~FOR FIXED IMPACT PRESSURE 


a it is than the simple venturi nozzle. The result is improved 
SLOWING MEDIUM HORSEPOWER ~~ .~— cleaning at substantially lower energy cost. 


a 


The two photographs above show the range, the impact pressure of the Improved 
Improved Diamond Nozzle and the simple Diamond Nozzle is much higher than for the 
venturi nozzle under identical test condi- simple nozzle. For equal cleaning ability, 
tions. These tests proved that the effective the higher efficiency of the new Diamond 
range of the new Diamond nozzle is sub- nozzle requires a much lower blowing 
stantially greater. Also that at the same medium pressure. 


DIAMOND MODEL IK LONG RETRACTING BLOWER 


a 
DIAMOND POWER SPECIALTY CO Lancaster, Ohio 


Diamond Specialty Limited « Windsor, Ontario 











NY State Elec. & Gas Corp 
Hichiong Staton 


Florida Power & Light Co 
Cutler Station 


moe ones piping specialist 
in Power Plant Construction 


’ If you are concerned with the construction of a modern power 

Potomac Electric Power C ’ 
Buzzard Point Plant plant, you realize the absolute need for specialization in all phases 
of the work. Particularly is this true of the fabrication and instal- 


lation of the intricate piping which such a project requires. Only 


a specialist can provide the best in piping; that is, piping which is 


custom fabricated, properly installed, safely and economically de- 
¢ & Mich Electric Co 
Tanners Crock Plant signed for your specific needs. Shaw is such a specialist, qualified 


through years of experience to fabricate and erect power plant pip- 


= ing for any pressure and any temperature you require. Since 1893, 
Shaw has devoted its resources, its talents and its energies to this 
kind of specialization. That's why we say—if your operations de- 


it 


Potomac Electric Power 
° te 


pend on piping, you can depend on Shaw 
Shown here—and the names included are foremost in the in- 
dustry—are some of the many power plants in which the piping 


is Shaw-fabricated 


J] 
_—_ am 


Det Power & Light Co Ome Power Company nd -Ky. Electric Corp Houston Lighting & Pr Co Houston Lighting & Pr C Houston Lighting & Pr. Co Houston Lighting & Pr Co 
ladian River Staton Philo Station, Unit 6 Clifty Cr. Sta. Units 1-6 Greens Bayow Station Deepwater Station Unit 7 Wedster Staton Sam Bertron Station 


Pennsylvania Electr 
Seward Station Unit $ 


BENJAMIN F. 


— S&S FE AAW 


Muskingum &. St. Units 1.2 
COMPANY 


Main Offices and Plant: Wilmington, Delaware 
Piping Fabrication and Installation Since 1893 
Appalacthan Elec Power Co 


and Otro Power Company 
Prekp Spore Plant 





